I. C. 7190 NovemsBer 1941 


UNITED STATES 
DEPARTMENT OF THE INTERIOR 
Harov_po L. Ickes, SECRETARY 


BUREAU OF MINES 
R. R. Savers, Director 


INFORMATION CIRCULAR 


ANNUAL REPORT OF RESEARCH AND TECHNOLOGIC WORK ON COAL, 


FISCAL YEAR 1941 


BY 


A. C. FIELDNER AND L. D. SCHMIDT 


4FTER THIS REPORT HAS SERVED YOUR PURPOSE AND IF YOU HAVE NO FURTHER NEED FOR IT, PLEASE RETURN IT TO 
THE BUREAU OF MINES, USING THE OFFICIAL MAILING LABEL ON THE INSIDE OF THE BACK COVER. 


I. Ce. 7190, 
Yovember 1941. 


INFORMATION CIRCULAR 


UNITED STATES DEPARTMENT. OF, THE INTERIOR ~ BUREAU OF MINES 


“ANNUAL REPORT OF RESEARCH AND THCENOLOGIC WORK ON COAL 
- FISCAL YEAR igha/ 


re By Arno Ce Fieldner2/ and L. D. “Schmidt3/ 


CONTENTS 


td 
© 
3 

fu) 


POTS WO TG eicate aoe one “ew else cea) WW iw new) Www '9 ecw Stee wie ore hee Se wie ereteie eS ewe we 
ACKNOWL EC OMENT S we Sc o's ww o:oye die Bia ce eee. 6 wos wie ce ee Ue 6 66 Sb Wie ee Seba 6 eeee 
Properties and composition of American codlseccccccccccccsvvecevecce 
Inspection, sampling, and. Anal 7s1Sisc sess sewe ee swe swe wee see 
“Properties of Washineton: COGS vss w.s.cewiie eire-a-e.u e100 4:0'eee «6s 
-- ++ Mathematical theory of coal sampling 00:0 0-0-0-8'0'8 © C-Be BEET COT e 
Classification of American coal Seevvvecccvvccevcsusevescvceves 
' Moisture COAVACTOTIGT1C Sins swe we 00s wow were so 0s Sb eeeee 
Constancy of value of "pure™ coal in British thermal unitseecee 
Friability and. erindabllityv Of COALS cwteswed we ee easeuwsseeswee 
Physical and chemical ‘proverties of: ‘subbituminous coal and 
“"Ligniteevecdeccccccsecvsvesccsccessccccavscvecsccscucecsesess 
Relation of petrographio composition to chemical md physical 
properties OT “COS le eiviee'0ie's:010'00'0 0.0 0 866605 06.66 600600660550 see 
“TOFTZIM OF COAL 6 iets c swe versa sess sews eces ee tuebeleeeeewe: 1 
Petrography of coal as a measure of emenability to hydo- 
Meet AAC Tek vadoceesnteeene cen aa es eee le 
Chemical method for estimating fusnrine.cccccccccvccvvcsvccsersees le 
Volumetric determination of sulfur in CcOalseccccevevesccccecee 13 
Coal THininGecvccveccvaversscvdccseseseccceces ees eesereseseseseeees 15 
Experimental COAL MinGocecevesvcecsevesessvsevevevcereveveserses 15 
Strength of small pillars in Pittsdurgh bdedececveccsccese 15 
Causes of falls of mine rodfecevccccvvecvsescseveccevevese 15 
Subsidence of highway caused by mining coal bencatheseesee 16 
Decay Of mine timberSeecveccecvcvevvcvvccvevscevevecvccseccre 16 
Dust in coal-mine AtMOSPHETVeSececcevcvccsccccvvesevcsesecece 17 
Inflammability CEStScecccvesccsccvecsecossveseevesevevces 17/ 
Underground transvortation of cOalesccccccccccsccesccsesveccses Lf 
Multiple-shift mechanical mining of conleccecccvcvecevere lif 
Inspection of elé¢tric mining equinmentecvccscccssccereee 18 
Diesel engines UNC OT STOUNGw wisdec bss esac sews sen cueeseues 18 


t" \O \O LO ANN ADVI FW 


The Bureou of Minés will wélcome reprinting this paper, proviced 
following acknowledgement is used: "Feprinted from Bureau of Mines In- 
formation Cir¢ular 719008 * secretes eee 

2/ Chief, Technologic Branch, end chief engineer, Coal Division, Bureau of 

Mines, Washington, D. Ce 
3/ ae Coal Division, Bureau of Mines, Pittsburgh, Pa. 
E41 


Lal oo 


Google 


tT. C. 7190 
CONTENTS (Contta) 


Conl mining = (continued) | . — 
Testing oxplosives for coal BUA asa teettecoar aisiactniestvsicseciascuies 
Liquid-oxy fen CPlLOSLVESeweccccnveseessevcsesccesecrceeres 
Sheathed CXPLOSLVeSececcvcccccsevcvessscevervacscessceavere 
Mechanism of ignition of firedamp by explosivesec....sceee 
Fires in anthracite TLE Seiaib-w.0 sdk ihe arsic o'o Wo. ose ae eeenee sees a's 
Preperatior Of COaleoee. oC o COOH EHH OHO HEE HOHE THES HOESE HE LESED ESOS 
Mechanical cleaning CL COAL rv cccccccccernccveceseerscecesssceeesg 


Drainage characteristics of Alabama coalsescccseccesscccce 
Activated carbon fron coal refusé from washerieSeccecceree | 
Coalemine refuse as a water SOTGCCIOC™ kce6s 66e S56 os OO Ree . 


Btcam drying of subvitumincus coal ANd Ligniteseccreeeeseeeces 


Oxidation ‘of coal in storage and spontaneous Lgulthotiecsseeseee 


eT « Se ee Oe a le Oe Cr ee ee | 


ee « @ e#e 4 8 Pe 8B @ eC emUcrCwhUhchFFrUO 


* Riel ‘enfgineerlus Cos Ccasemeansaeene cata eo uone se 
Meer ne 8 Boiler ‘fécd-water ‘CONGItLoningssccccccccccevecesersccs 
Sroke ADELCHON boc cccvccecncrccccccvevessessesneenvens, 


"Removal ‘of ‘asit ‘as molten slag from pulverizeé=coal fumaces | 
New > Anstrwientcoecseccccccccccrcsevesvcseseseeesesers: 


* Burning ‘Solid “fiers ‘on ‘traveling BVAveSecces ° eeccves eoenee 


APDATOUUSesseccersersssecrseseerscensererecessesesens . 


eons Ou of ‘dubbitiumrittous cosl ‘md ‘Iigaite in comestic 


© @ .« © © 09 @© #@ #@ @ © @ © ® © © @ #2 © © &® @ 4&4 © @ &@ © w@ OH € 6 


Accolerstia wen othering tests ond storing ie 
‘orf: colcing’ POUL See's seb ose’ e'e eee e e'a'e'a'e"e'a'o'o'9"e"e"e"a'e! e ‘ooze 
Determination of swelling prepertics of coal dure 


ing coking PLOCESSecesessecocvcceccsevecscccseecses | 


Smalles cule: corbvunimntion ASSAY Seeesecccovsevececcoces 
Production of liquid fuels from coal dy. hydrosenationessssccees 


Hydrogenation assay of United States cocls in continuously- - 


operated experimental LAr ben coda ceics 66 0 506s oe eeeweeiees 
‘Batch hyérogenntion in ‘small nutoclavess prediction of - 
gasoline yiclés fron petrographic and chemical analyses. 
“Rates and mechanisms of coal—hydrosenation reactions} 
effect of a eet e ee vc se Geek be ae 
Hydrogenation of sigh=temmerature, byproduct coke=oven tar 
Conversion of coal hirdrogenation middle oils into gasaline. 
by vapor phase HY Aro genationesececccvecccsecccesccvscoce 
fechanism of combustion and explosion of gaseous fuclSecececece 
Stationary Flame Seeeseceerceeseresececeevcocevcccesscnrere. 


BULGE Pen ae 


Google 


I. C. 7190 
ILLUSTRATIONS 
Figure Following Page 
le Photomicrograph showing type of plant structure ob- 
served in coal formed from coniferouslike plantseece ge le 
2» Photomicrograph showing tyve of structure observed 
in coal formed from Lycopod plantsec..csvcovevervecene 12 
3e Photomicrograph showing remains of gum ducts associated 
with cycadophyte remains in COAL cccvreccceccccenesecne ~ 12° 
4, Mining thick Roland Smith-bed coal, Wyodak mine, 
; Wyomingeccccccccccvctsccenetecccccsccsccesecssseneces le 
5» Loading Rosebed=bed coal, Colstrip mine, Montandecsscoee 14 
6s Strength of square pillars in Pittsburgh coal bedeesee. l4 
Tp» Air-conditioned cabinet for measuring rock expansioneee 14 
8, Posts placed in Crucible ‘mine for testeccesesesesseceee LY 
9. Apparatus for measuring censity of liquid slagsseesess, 28 
10, Carborundum furnace for detcrmination of A.SeTMs aa 
cone~fusion temperature in alLfecesccrccoccecnecvescoce | 28 
ll, Air-preheating equipment of crossfeed furnaceeecreseess 28 
12, Experimental domestic Stokerecceceveccscvcccvcvsveccesees 2s 
i 9 Furnace-testing Labo ratoryecccccccccvccnecscsenresepeces. 32 
1 @ Coal~carbonization LaboratoTyecccccvcccccccscvccntceseces is 
15 Effect of oxidation of coal on coke~strength indexeeces. 
165; Sole@sheated Ovdiies 1.00 ssewaces ewes seisiee oweeeeeewee es LO 
l7e Verticaleslot oven, showing test in progresSecsececeese he 
18, V6rcvicel—sl0b OVe6i ies oc0id.c wate eSeea eke busee wee newwes ho 
19- Automatic heating program controllerececccrccccccscccee 42 
20, Coking pressure in verticaleslot and in sole-heated 
OVENGecccceve rece cevr ese sec ene eeeeeesee esse eeeeevenee 
Cle Effect of heating rate in vertical-slot oveneceosescoes ho 
22, Variation of peak pressure with width of verticals. : 
slot OVC]D ecco cccc eaves esesansesesesessesseeseSeeoeesveese 
23 Relation between area under Gieseler plastometer™ 
curve and expansion in sole—heated Oveneccccrcrscovee 4g 
ou, Relation between results from sole-heated oven at con- . 
stant pressure and those from vertical~slot oven at 
Constant VOLUME... .ccccccccccccerccccevvrecesecsveeees re 
25e Map showing estimated gasoline yields from various ‘beds : 


of COBLs sess ererereccescecsnccccsessngacccesereseees 52 


FOREWORD 


Much activity is called for in the present period of heightened 
national effort, and wise direction of such a program must always be con 
ditioned by positive kmowledge gained in years of slow and painstaking 
study and development. Research and technologic investigations on coal 
by the Bureau of Mines have been described in a series of annual 
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reports4/ of whicn this is the sixth. These investigations increase our 
fund of exact knowledge on the properties and composition of American 
coals and lead to better methods in mining, preparing, storing, and uti-~ 
_ Lizing coale 


ACKNOWLEDGMENTS 
This circular has Wece prepared from reports by the supervising hate 
of all sections in the. Coal Division and of certain sections in the Mining, 
Nonmetals, and Explosives. Divisions, as well as from recent publications 
by members of these divisionse Special aclmiowledenents are due to the 


eo. ¢ 6 
4 


J, F. Barkley, supervising engincer, fuel economy service section. 

Ey Me Cooper, supervising chemist, coal analysis sections 

Je De Davis, supervising chemist, coal carbonization section. 

He Fe Greenwald, superintendent, Central Experiment Station, and 
supervising engineer, experimental coal-mine section. 

Pe Nicholls, supervising engineer, fuels sectione | 

Ve fF. Parry, supervising engincer, subbituminous coal and ei 
sections 


ees 6 8 8 * * 


analysis. section, fd it ete 
Ne He Snyder, supervising engineer, fuel-inspection sectione 
He He Storch, supervising. ene ia ce am and physical-. 


chemistry sections 


« 


We Je Huff, consulting explosives Senta: see 
Mp, A. Elliott, gas engineers. 
G. W. Jones, chemiste | 


Je E, Tiffany, explosives Sexe engineers. 


U/ Fieldner, A. C., Resume of Ropearch and Technologic Work Relating to 
Coal Conducted by the Technologic. Branch During 1936; Bureau of Mines 
Inf. Circa 6935, 1937, 14 pp. Annual Report of Research and Technbdlog’ 
Work on Coal, Fiscal Year 1937:. Bureau. of.Mines Inf, Circ. 6992, 1938, 
Yi pp. Annual Report of Research and Technologic Work on Coal, Fiscal 
Year 1938: Bureau of Mines Inf. Circe 7052, 1939, 44 pp. 

Fieldner, Ae C., and Brewer, Re E., Annual Report of Research and Tech- 
nologic Work on Coal, Fiscal Year 1939 | Burcau of. Mines Inf. Circe 
7105, 1940, 59 ppe 

Fieldner, As Ce, and Rice, We. E., Annual Report of Research and Techno- 
logic Work on Coal, Fiscal Year 1gihOs Burcau of Mines Inf. Circe 7143, 


1940, 50. pp. 
SUG = ow 


Google 


Ty Ce. 7190 


| Mining Division 


C. F. Jackson, chief engincers 

Le Ce. Ilsley, supervising engineer, electricalemechanical sectione 
G. Ee. McElroy, supervising engineer, mine-ventilation sectione 

Ae Le Toenges, supervising engineer, coalemining sectione 


Nonmetals Division 


O. C. Ralston, chief engineers 
We He Coghill, supervising engineer, Southern Experiment Stations 
He Fe Yancey, supervising engineer, Northwest Experiment Statione 


Acknowledgment is made also of the cooveration of the following insti- 
tutions and organizations: 


American Society for Testing Materials, 
Bituminous Coal Research, Inc. 

Canadian Bureau of Mines. 

Colorado School of Minese 

Crucible Fuel Co. 

Kopvers Coe 

Northern Colorado Coals, Ince 

Oregon Department of Geology and Minerel Industricse 
Research Council of Alberta. . 
University of Alabamae 

University of North Dakotae 

University of Washingtone a 


PROPERTIES AND COMPOSITION OF AMERICAN COALS 


Inspection, Sampling, and Analysis 


The Burcau of Mines oporates a coal~analysis laboratory as a service 


facility. for all Government agencies. The national defense program prompted 


a heavy demand, especially from the War Depertment, for coal analyses to 
be used in connection with coal bids. Three coal~sampling trucks operated 
throughout the year, Samples were taken at all coal~prodcucing mines in 
Michigan, and many samples were collected from other localities in connec 
tion with Government coal contracts and u-on requests from prospective 
bidders on contracts as well as for classification nurposes. in cooperation 
with the Bituminous Coal Producers Board. For the first time it was 
possible to extend coal-sampling work to the Western Statese 


for the general usc of tae Government in making purchases.and for ine 
formation for public use, coal was inspccted and &2 tipple samples and a © 
eat sample were collected at 32 mincs in Colorado, and 12! tipple-samples 
at 43 mines und 43 face samples at 12 mines in New Mexicoe Coal was ine 
spected and samples were collected at 50 mines in Arkansas, 39 mines in 
Oxlahoma, 8 mines in Washington, 2 mines in Texas, 8 mincs in Iowa, 3 mines 
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in Kansas, 6 mines in Missouri, 17 mines in Illinois, 7 mines in Kentucky, 
23 mines in Maryland, § mines in Michigan, 41 mines in Pennsylvania, 13 
mines in West Virginia, and l..mine in Alabama. 


For the use of the Government departments in determining awards of 
contracts for anthracite, cool was iaspectcd and 75 samples were collected 
at 14 breakers in the Pennsylvaria anthracite field. In cooperation with 
the Bituminous Coal Producers Board for District 2, a total of 176 tipple 


samples wes collectcd at 56 mines in western Pennsylvanice 


In all, 1,145 tipple samples were taken at 378 mines, 87 face samples 
at 25 mines, 6 samples for carbonization, and 8 column samples for micro- 
scopic examinatione | 
The coalmanalysis laboratory received and analyzed 10,003 samples 
- @uring the year, making 116,967 determinations. This is approximately 10 
percent above the average for the 10 preceding yearse 


About one—half of the total number of samples were analyzed for the 
War and Navy Departments, about one-fourth for other Government agencies, 
and tne remainder in connection with safety and research work of the Bureau 
of Mines. Forts and Training centers submitted an unusually large number 
of samples for analysise 


Propertics of Washington Coals 


from time to time, the Bureau has published coal anelyses by separate 
States to show the character and quality of the coals currently mined and 
marketed, A recent nublication covers the anslyscs, production, distribue 
tion, and use of Washington coals. These coals show a wide range in 
analysise Although deposits of coals ranging in rank from lignite to 
enthracite occur in the State, current production is limited to coals of 
bituminous and subbituminous renke. Bituminous coal constitutes about 
three-fourths of the total production in the State. A striking feature 
of tne Washington conl industry during the past dccade has becn the in~ 
creased number of producing mines, despite a decline (to 1940) in both total 
output and number of men employed. Because many of the coal beds of Wash— 
ington contain a considerable amount of impurities, such as shale, the 
greaver part of the coal is cleaned mechanically before marketinge 


Mathematical Theory of Coal Sampling 


An extensive study was made of the principles underlying the prediction 
of accuracy in coal sampling with respect to the weight and number of in~ 
crements of the gross sample. The method of analysis developed introduces 
the idea that each lot of coal to be sampled has definite physical properties, 


Yancey, H. Fe, Geor, M. Re, Daniels, Je, Snyder, Ne He, Swingle, Re Jey 
Cooper, H. M., and Abernethy, Ro Fe, Analyscs of Washington Coals, 
a eee to Tochnical Paper 491; Burcau of Mines Teche Paper 618, 
1941 
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which are defined as the "sampling characteristics." These characteristics 
are the.properties of the individual pleces of coal for weights and ash ..- 
percentages. (if that is the quality sought) and the arrangements of the 
pieces in the lot of coal with Baepect to their weights ard to their ash 
percentagese 
te ate a See 

The analysis has developed the relationship between the sampling re= 
quirements and the sampling characteristicse If the sampling character 
istics are known, the number of increments of a given weight to insure a 
specified type and degree of accuracy'can te predicted exactlye 

A summary of this development has been submitted to the Committee on 
Coal Sampling of the Américan Society for Testing Materials for its con |. 
sideration in the preparation of a-coal-sampling specification. <A short- 
paper outlining the principles was presented at the Fyels Meeting of the. 
American Society of Mechanical Yngineers and the Anerican Institute of 
Mining and uobese net ce pare ere at, oe Alae, in November 19406. 


Glassification of American Conse 
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Moisture Charactoristiga - . 


In the specifications for the classification of coal by rank the lower- 
rank coals are classified according to heating value per pound upon the 
moist basis, that is, containing the ne tural bed moisturese To bring to 
this basis coals that show visible surface: moisture or that have partly -°: 
dried in the mine, an cquilibration method devised by Stansfield and Gil~ — 
part O/ is used, by which the moisture—holding capactiy of coal at 100 per 
ecnt humidity is determined. “The --moisture content ofa sample treated in 
this manner is assumed to equal the true bed moisture, During the year, 
the Bureau of Mines, in cooperation, with the Canadian Bureau of Mines and 
tne Research Council of Alberta, tested coal samples from mines of the 
western United States and Canada to determine how well the various lab 
oratories could check moisture values using the equilibration methods © 
Inspection of table 1 shows. that,. in. general, the moisture values obtained . 
by the Bureau of Mines are slightly lower than those of the two other lab... 
oratories. Those differences are due in part to the fact that the moisture.. 

determinations of the Burcau of Mines were made in an oven through which 

dry alr was circulated instead. of an inert gas that. was used by the other _ 
laboratorics. Tosts of several coals have. shown that the moisture values - - 
may be as much as 0.4 percent lower when air rather. than carbon dioxide 


is used as the drying atmosphere. 


i 


Stansfield, Edgar, and Gilbert, K. Ce, Moisture Determination for Coal 
Classification: Transe Ane Inste Mine and Mcte Enge, vole 101, Coal 
Division, 1932, ppe 125-143. 
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TABLE 1. ~ Check results of moisture determination 
by equili ration method 


State or County 


Province: | or area 
Alberta Camrose 

Do» Doe Stonoy Creok 

Do» Castor | Armstrong 

Doe “T Stradier | 

Doe Perini. 

Doe ° si Blackburn 

Do,» Blossom 
Colorado Lewis Noe 2: 

Do» 

Doe Jackson 

Doe Jefferson 7 y; 

Doe ot a 

Doe uf 

Doe 2305 
Montana 1/ 
North Dakota 1 

Do Mercer Knife River y 
Wyoming _Campbell | Wyodak | i : 
— Doe - Sheridan | Monarch Noo 45 Y 
— Doe” pwecermer| (ier ie ae) | 12el 
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‘Constancy of Value of a Coal in British @hesaal Units 


There is a Senecat concep: in the coal trade that the heating value of 
mInoisture- and ash-free coal from the same seam or surely from the same mine 
is substantially a constant: that calculation of this value from the proxi- 
mate analysis and British thermal units determined in the laboratory will 
reveal whether or “not a coal came from a given area or seam; and that, hav- 
ing this constant, the value of a coal sample in British thcrmal units can 
be calculated fairly closely -upon a dry or as-received basis from the 
‘Moisture and ash values of its proximate are 


To determine ‘possible limitations or enadnanics in the practical use 
of this general hypothesis, a veil coal analy see from the laboratories 
of the Bureau. of Mines | were studied. So - : 


The average heating value (moietires: and ash~free basis) of the coal 
from each mine was calculated, as well as the avcrage amount of deviation 


from this value for the various analyses reported for the mine, 


a a a ee 
Y/ Barkley, Je Fe, ond Burdick, L. R., Constancy of Betews Value of "Pure' 
(Coals Bureau of Mines — of ee 3572, 19l4Ly 10 poe 
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It is interesting to note that this avcrage deviation increased regue. 
larly from 30 Beteue per pound for mediumvolatile coals td 155 Beteue for 
lignitese No satisfactory explanation of this fact has been advancede 


Friability and Grindability of Coals 


Friability and grindability tests have been made on samples of coal 
from 47 mines in 17 different beds in Alabama coal fieldse®/ concluding a 
comprehensive survey made in cooperation with the University of Alabamae 


The friability of coal or its tendency to break into smaller sizes in. 
the course of handling is measured by tumbling a sample of 1-1/4-inch coal 
in a special ball mill and determining by screen analyses the amount of re» 
duction in size, Although the correlation between friability and volatile 
matter is not good, there is a general increase in friability with decreas~ 
ing volatile matter. In other words, in general the lowervolatile bi-~ 
tuminous coals break more casily on handling. 


The standard grindability tcst was designed to give users of pulverized 
coal further information conccrning the relative ease of grinding different 
coalse There is fairly good correlation between the grindability and the | 
volatile-matter-content- of the coals tested - the grindability increasing 
from about 30 to 60 when the volatile-matter content decreases from 4O to 
30 percent (moisture- and ash-frec basis). 


_ Physical and Chemical Properties of Suobituminous Coal and 
ar Lignite 


Subbituminous coal, lignite, and other noncaking western coals have 
properties that diffcr widely from those of coking coalse A systematic 
study of the high-oxygen coals has been made during the last 3 years, and 
some investigations were completed during the current yeare A survey of 
18 mines that produce 75 percent of the coal in the Northern Colorado field 
was made’ to determine the physical and chemical properties of normal 
2-1/2—inch slack. This study included: Size composition, friability, 
slacking, chemical analysis and heating value of different sizes, bulk den- 
sity, and specific gravity. Similar studies were made of samples obtained 
from mines in. other parts of the subbituminous and ligmite fields, The 


evanaee physical and chemical properties of 2—1/2~inch slack are shown in 
table 2¢ 


Relation of Petrographic Composition to Chemical 
bee te and Physical Properties of Coal 


Petrographic analyses of many coal beds have been made: by examining, 
under the’ microscope, samples that were taken at regular intervals from the 
floor to the top of the bed. The coal bands in the bed are classified as 
bright, splint, or semisplint in type, and the relative amounts of each of 
these three types are revorted for each coal ded. 
ertzog, Ee Se, Cudwortn, Je Re, Selvig, We Ae, and Ode, W. H., Friability, 

Grindability, Chemical Analyses,’ and High-and-Low Temperature Carboniza- — 
a of Alabama Coals: Burcau of Mines Teche Paper 611, 1940, 59 ppe 
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TABLE 2c = Physical and chemical ropertics of ave 
O-1/2=inch subbituminous slack, Northern 
Colorado: field, District l 


Proximate analysis:L/ a a re ae composition: // 
As-received basis Sercen size? Cumulative 
Moisture 22.0 / - percent 
. Volatile matter O97 Round hole, inches  _ retained 
Fixed carbon 4O.6 . 
as bel 2-1/2 ? 202 
Sulfur” 5 2 10.4 
+ Bete. 9,550 | 1-1/2 23-4 
| 1-1/4 .. 
-Ash- and moisture-free basis © eH 1 mS) 
Volatile matter “UYSI 3/4 3 52el 
Fixed carbon sR: ae i/2 6369 
Sulfur mY . sae | 72.0 
Bs teu. 13,210 : 0 100.0 
Ash-softening temp. - °F, 2,110 Square hole, inches 
Specific gravity 2/ 1.29 2 Coe 
y Lue 128 
Weight por cubic foot = lbed/ ig.9 1.8 
7 5/ | 308 
Slacking index't/ 49.6 ife2 : 586 
1/4 73-3 
Friability | 1/8 S302 
0 100.0 
Dia 3709) | 2306 
TP. 5126/ 29.7 


1/ He Me Cooper, Central Experiment Station, Bureau of Mines, Pittsburgh, 
Poe Average of 18 mines that supply 75 percent of coal produced in 
Northern Colorado ficlde 

2/ Golden, Coloe, Field Station. Avcrage of 37 samplese Determinations made 
by water-displacement method on fresh l- by 1-1/2-irch lumpse 

Golden, Coloe, Ficld Station. Average of 11 samplcse 

4/ We Ae Selvig, Central Experiment Station. BEOLAES of first cycle slack— 
ing index of 14 samplese 

5/ He Fe Yancey, Northwest Experiment Station, suckin, meee Average. of 
19 samples of fresh l~ by 1-1/2-inch lums. 

6/ He Fe Yancey, Northwest Experiment Station. Average of 13, samples of 
fresh l- by 1<1/2-inch lumps. 

U/ Golden, Colo., Field Station. Average of 18 mines as noted in | 


The bands of splint coal are distinguishable from the bands of ordinary 
bright coal by their dull, grayish-black color.: Splint is hard, solid, and 
tough and breaks with an irregular, rough, splintery fracture. In mining, 
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it breaks into large lumps and slabs with almost no slacks or finese Amer- 


ican splint coals are of the same type as the durains of Ingland and the 
mattkohle of Germany. 


A recent study of the splint coals of the Appalachian region9/ brought 
out some interesting facts about this important type of coale Splint coals 
are casily identified by examining, under the microscope, thin sections 
illuminated by transmitted light. They are charactcrized by a semiopaque 
to opaque ground mass or attritus, whereas the brignht~coal sections have a 
ground mass or attritus predominantly transluccnte 


The petrographic study of 55 coal columns selected from representative 
coals in the Appalachian region showed the presence of relatively large 
percentages of splint cool in beds of the Upper Pottsville (Kanawha forma- 
tion) The prevalence of sprint-type coal does not cnd at the close of the 
Pottsville but extends into the Brookville coal, the basal member of the 
Allegheny formation in Ponnsylvania.e The coals above the Brookville aver~ 
age about 2 percent splint coal, The coals from the New River and Pocahontas 
formations that were examined contained only thin bands of splint and semi- 
splint. The New River coal averaged 11 percent splint coal; the Pocahontas, 
5 percente 


New evidence has been brovght to bear upon one of the most difficult 
oroblems of the coal paleobotanist, that is, a logical explanation of the 
origin and formation of splint coal. This evidence confirms the belicf 
that the splint coals were laid down under conditions especially favorable 
to the action of biological agencies, thus bringing about a high degree of 
decomposition and maceration of the plant material. The opaque matter re- 
sults from such an advanced: stage of decomposition; and the further the 
decay progressed, the more opaque matter was formed and the greater its 
Cegree of opacity. 


The splint+coal layers selected from 17 different coal beds were found 
to have an appreciably highcr carbon content (moisture~ and mineral—matter- 
free basis) than the bright coals of the same bedse. Gencrally they had a 
Fisher ash content and a higher ash-fusion.tempcraturee The bright coals 
ecrerally had the highest content of moisture, hydrogen, nitrogen, and 
oxygen and the lowest calorific value. 


Both bright and splint coal showed the same content of volatile matter 
wien they had equal contents of spores and resinse 


Origin of Coal | 
A technical paper on coal paleobotany20/ was prepared from matcrial on 

me Dre Tea son was working at the time of his deatn in 1932. 

: : 9 He 5 Splint 
Conia. of the “Aopelaciicu region; ‘Their Occurrence, Fotrography, and Com- 
perison of Chemical and Physical Proportics with Associated Bright Coalss 
Bureau of Mines Teche Paper 615, 1940, 59 pp. 

i0/ Thiessen, R., and Sprunk, G C., Coal Palcovotany’ Barcau of Mines Teche 


Paper 631, 1941, 56 ppe 
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brings to the attention of paleobcotanists the fact that in coal an enormous 
amount of material in a remarkably good state of preservation is at their 
disposale A large proportion of coals and particularly tne bright bands 
“thereof (anthraxylon or vitrain) are comrosed of constituents that ine 
variably have retained some of the origiral plant structures. This paper 
discusses the identity of these peenve a of the renain&se 


In the Paleozoic coals, plants of three oe are easily recognized: 
Coniferouslilke, cycadophyte, and lycopod. -No other typés ‘have been identi-~ 
fied with certainty. The coniferouslike plents of the Paleozoic era, the 
cordaitales, are represonted in coal by the xylem, bark, and leaves and by 
resincus inclusives thereof,. Xylem (fige 1) occurs uost often in the 
thicker bands. The most casily recognized lycopod tissues are from the 
periderm or outer bark (fige -2).:: The peridern of the lycopods was a very 
thick walled, highly lignified tissuc that has resisted the peat- and coal~ 
forming processes more than other tissues, hence has remained in larger 
proportions. Leaves, leaf bases, sporangia, and spores from lycopods’ also 
are illustrated. Cycadophytes were abundant contributors to the Paleozoic 
coalse ‘The cycadophytes are represented in ccal by the xylem, peridern, 
leaves, and resinous cell ccntents end particularly by the mucilaginous 
contents of the so-called zum ‘ducts, as in figure 3-6 ? 

The lycopod, cycadophyte, and coniferouslike remains observed in thin 
sections of coal can be compared with similar remains in thin sections of 
coal can be compared with similar remains in thin sections of coal balls; 
a number of illustrations of tne latter are included in the reporte 
vdrogenation 


of Coal as a Measure of Armenability to 


Petrogran 


Microscopic examination of coal aids in predicting the ylelds of oil 
- obtainable on Sa eeEE et) 

A petrographic survey is being made of lignites and subbituminous and 
bituminous coals of the Western States to help in the selection of suitable 
coals for large-scale hydrogenation testse This survey has included two 
exceptionally thick beds of coal, One was the 26.8foot bed of the Col~ 
strip mine, Rosebud County, Monte, and the othcr the 7&foot bed of the 
Wyodak mine, Cambell County, Wyoe Figures 4 and 5 illustrate the thick- 
ness of the beds and the methods of mining in these spectacular operationse 


Chemical Method for Estimating Fusain 


A method for estimating the fusain content of coal has technical im 
portance because this constitucnt, which is present in varying amounts in 
most coals, has been found to affect their hydrogenation and carbonization 


li/ Storch, H. H., Hirst, Le Le, Fisher, C. He, and Sprunk, G. C., Hydro- 
genation end Liquefaction of Coal, Part le Revicw cf Literature, De~ 
scription of Experimental Plant and Liquid Phase Assays of some Typical 
Bituminous, Subdbituminous, and lignitic Coals: Burcau of Mines Tech. 
Paper 622, 1941, 110 ppe: 
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Figure 3.— Remains of gum ducts (sometimes called 
rodlets) associated with cycadophyte remains 
in coal. X 200. 
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Figure 4.- Mining the thick Roland Smith bed coal, 
Wyodak mine, Wyoming. 
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properties. Of ne several metnods pecuece! for quantitative Jeveeatn tion 
of fusain, a chemical ° ‘method: developed at. Pennsylvania State‘ detoratne 
offers certain advantages in that the procedure requires na expensive’ equip-— 
nent or specially trained operator. .=In the Bureau. of. Mines study of the 
hydrogenation and carbonization properties of coal, the. quantity of fusain 
in the coal, along with the other microscopical constituents, is determined 
petrographically; therefore, opportunity was afforded. to egmpare the accuracy 
of the fusain deberainayson by the povreeterae and. the chémical method. 
7 ~ 4 

In brief, the ahanieelk method eoneise. ‘of palcigine "che coal sample for 
2, 3, and 4 hours With nitric acid (8. normal) .at. boiling temperature. The 
treated coal is then digested with alkali solution, the oxidized portion of 
‘tne coal reacting with tne alkali to forma soluble humate. solution, The 
insoluble residue,” consisting of unoxidized fusain and the acid~insoluble 
. portion of ‘the ash of. the. coal, is filtered from the solution and dried at 
105°C,, and the fusain is detcrmined from the loss~on- ignition. The percent 
ge of fusain in the coal-upon the dry, ash-free ‘basis is determined by 


Ce 


- plotting the amount _o of vnoxidized “fusain against the time of digestion, 


irawing a curve through the po ints, oe a a eee portion 
of this curve. to zero timed: 5 «4, , 


Table. 3 some the yonuite of the fusain determination on several 
coals of varying type and. rank). using: ‘the petrographic’ and the chemical 
methods of éstimating the. fusain contents. Inspection of this table shows 

tant good check results, “are cbt aired by ‘the “two mothodse” eS 


om “+ *@ 


© 


Yolune ro, DetePxina tion So Sulfur in Coal 


: Rapid volumetric me thods of” determining surue in Goal are being in~ 
vestigated by, Committee. D5 American: Society far Testing Materials. As 
one step in this study. several organi zations (including the Bureau of 
Hines) made cooperative. laboratory. tests on four samples of coal, using 
three volumetric methods, namely y. ‘the sodium rhodizonate, tetrehydroxy 
quinone, and benzidine methodse Gravimetric determinations were made also 
by the standard A. S. T. Me bomb-washing and Eschka methodse The results 
cf tests by the Burcau of Mines Laboratory ‘show that sulfur in bomb wash- 
“ngs can be determined satisfactorily by. the sodium rhodcizonate and tetra- 
aydroxyquinone methods but that the benzidine method gives crratic resultse 


lo Fuchs, Walter, Gauger, Ae Wes Hsiao, Ce Ce, and Wright, Ce Coy The 


Chemistry of the Petrographic Constituents of Bituminous Coal. Part I, 
Studies on Fusains Pennsylvania State College, Mineral Industries Ex 
pore Stae Bull. 23, 1938, pps 2e27- 
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TABLE 3. - FUSAIN CONTENTS OF COALS EXAMINED 


Sample 


Google 


Bruceton 


Indian Creek No. 
Winding Gulf No. 
Silush 


Closplint 3 
Winding Gulf Noe 


Monarch Noe 45 . 
Winding Gulf No. 
do e 


American Fire. Clay 
& Products Co. 


[Bank | —_Bed_}__Ming___ 
Fusain | Pitteburgh 
(hand picked) 
, ~ ‘Lower Kittanning 
— Doe oxen .o-| Beckley 
Splint High-volatile | Coalburg 
| as . A bituminous 
Do. (pure) do. High Splint 
Dow 8 ‘Low-volatile | Beckley 
ae | bituminous 
Bright — Subbi tumjnous | Monarch 
i. 2 B , 
Doi"! « . | Lowevolatile 
= | bituminous |. |. ‘ 
Anthraxylon | oe |: 
Cannel °.. a 
TABLE 3. ~ FUSAIN CONTENTS OF COALS EXAMINED CONT'D. 
: Coal da 2] basis 
~ |Labor— | Volatile | Fixed 
atory matter, carbon, 
State No __| percent percent 
Pennsylvania | 
doe 
West Virginia 
: doe 
Kentucky 
West Virginia 
Wyoming 
West Virginia 
doe 
Ohio 
8416 oo] Lae 
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Al legheny 
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Figure 6.- Strength of square pillars in the Pittsburgh coal bed, 
computed from equation 5. 
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Figure 8.- Posts placed in Crucible mine for test. 
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COAL MINING 


Experimental Coal Mine 
Strength of Small Pillars in Pittsburgh Coal Bed 


During the year tests of pillars of coal formed in place from the 
Pittsburgh bed in the Experimental coal minel3/ were extended to include 
variations in height of pillarsel4/ Correlation of the data led to a Zork . 
eral mathematical expression for the strength of square pillars of different 
lateral dimension and height. Application of this expression is made best 
through use of curves constructed from its figure 6 is a sample. From this 
figure, one can read the unit strength of square pillars of different sizes 
over a wide range of thiclmess of bed. | 


Causes of Falls of Mine Roof 


Mine roofs that normally are considered to be self-supporting frequently 
suffer excessive disintegration during the spring and summere Methods of 
combating this trouble include guniting, painting with heavy coaletar~base 
vaints, and cooling the intake air during the warmer months. To study the 
cause of these roof falls, apparatus was devised and constructed for obtain~ 
ing the following information on specimens cut from a coal bed or from the 
roof strata overlying its (1) Expansion caused solely by increase in tem~ 
verature; (2) effect of alterations in humidity of the air, both with and 
without accompanying changes in temperature, the air being kept below sat-~ 
uration at all times; (3) effect of wetting in a number of ways; (4) ab» 
sorption of moisture: and (5) mechanical strength and allied properties 
tnder varying conditions, The principal item of equipment was an ain. 
conditioned cabinet in which small changes in the length of specimens co- 
incident with any desired change in atmospheric conditions therein could 
be measured accurately. Figure 7 is a view of this cabinet and part of 
1ts control equipmente | 


- Tests were made of specimens cut from the Pittsburgh Coal bed and from 
two coal. and’ three "slate" (carbonaceous shale) strata overlying ite Some 
specimens were tested as the materials occur in the mince; others were 
coated with coal~tar—base paint and with a mixture of sand and cemente As 
a result of the tests to date, the following conclusions are drawn: 


. le The two coals that contain only normal ash have moderately high 
coefficients of thermal expansion, and the coefficient normal to bedding is 
SD percent greater than parallel thereto, The third coal has a high ash 
content because of slaty inclusions, and. its properties are modified by 
thise . The coals respond only slightly, if at all, to changes in humidity, 
wetting, or immersion in waters a. | 


Greenwald, He Pe, The Central Experiment Station of the Bureau of Mines: 
Steel City News,. vole 10, Now 3, March, 1941, ppe 22-26. 

li/ Greenwald, H. Pe, Howarth, H. C., and Hartmann, Irving, Progress Reporte 
Experiments on Strength of Small Pillars of Coal in the Pittsburgh 
Bed: Bureau of Mines Repte of Investigations 3575, 1941, 6 ppe 


e416 iT tes 


Google 


Te Ce 7190 


2. The slatcs have low cocfficicnts of therman cxpansion, and the co» 
efficient normal to bedding is twice that parallel thereto. The slates are 
remarkably sensitive to cnanges in humidity and expand repidly when the 
humidity,is raised. Wetting causes sudden expansion and usually disinte~ 
gratione The initial dryness of the slates is an imortant factor in their 
behaviore a ih Tae 


3e Protective coatings recuce expansion caused by enerease in humidity; 
this reduction is 75 to 95 percent in different instancés ond one may 
assume corresponding reduction in tho internal stresses that cause dig= ° 
Integrctione - | | 


The ingoevientien will continue to obtain information én the behavior 
of a wider variety of rocks and to develop a satisfactory explanation of 
their benavior based upon sound principles of physics and chemistrye 


Subsidence of Hi Caused by Mininzs Coal Feneath 


Subsidence resulting from removal of coal beneath highways has, on . 
various occasions, caused damage ranging from a minor unevenness of surface © 
to complete impassabilitre. At least one State has specific legislation de~ 
fining responsibility for maintenance of hishways over coal minese An 
opportunity was offered for detailed study of movement of the surface of a 
paved highway, resulting from the extraction of coal in two différent mines 
that it crossed. As a result of the investization,+ it is evident that. 
damage to any given road by subsidence resulting from coal mining and the . 
effect on traffic during subsidence depend on: (1) Nature, amount, and 
speed of traffic; (2) nature and tyne of construction of pavements (3) . 

nature of strata immediately underlying pavement; (4) nature of all strata 
Be eeee ie between navement and mine workings; (5) thickness of strata be- 
tween pavement and mine workings; (6) thiclmess of coal removed; and (7) 
method and completeness of mining. 


Decay of Mine Timbers | 


From time to time, mine officials have advanced the opinion that rock 
dust causes more rapid decay of timber in mines, If true, this is an im 
portant matter because apvlication of rock dust in coal-mine passageways is 
the accepted method of combating explosions of coal duste During the year, 
there was comleted an extended investigatio 16 of the relative decay of 
a number of different species of wood nlaced in a little-traveled passage~ 
way in a commercial mines; half of the specimens were cdated with rock dust, 
and the other half were note Fizure & pictures some of these in the mine, 
The specimens were left in the mine 18 months, The results did not show 


Maize, E. Ro, Tnomas, Edward and Greenwala, He Fe, Stucies of Roof Move— 
ment in Coal Mines: 4. Study of Sudsidence of a Highway Caused by 
Mining Coal Beneath: Bureau of Mines Repte of Investigations 3562, 1941, 


lt ppe 

16/ Maize, E. Re, Scheffer, T. C., and Greenwald, He Pe. A Study of Timber 
Decay in the Crucible Minc of the Crucible Fucl Coe: Bureau of Mines 
Ropte of Investigations 3544, 1941, 17 ppe 
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definitely that rock-dusted wood decaycd faster than non=rock-dusted, al 
though there were some indications thit might support such a conclusione 

It was decided that additional tests were needed to settle the question, — 
and these are now in prosrcsse 


Dust in Coal-—Mine Atmospheres 


Rostuae. of pulmonary diseases in the mining inauetel showed that 6 
percent of hard-coal miners had pulmonary tubderculosis compared with 2 per~ 
cent of the adult male pojulation in the United States and that anthracosili- 
cosis was found in 23 percent of 2,711 employees of three anthracite~mining 
commaniese: Indications are that employment in atmespheres containing less.-. 
than 50 million particles of dust’ per cubic foot produces a negligible number 
of cases of silicosis if the quartz content cf the dust is less than 5 per 
cente No single method of dust control is, in general, adequate; there-~ 
fore, all means of preventing excessively dusty atmospherés must be prac- 
ticede 


Inflamrability Tests - 


Requests for determin ‘ation of the inflamrability of a wide variety of . 
dusts found in industry continucd unabated, and 57 samples were examined 
during the year. They comprised such diverse materials as coal, coke, dust. 
from shredded metal, rosin, derris root, cascin, powdered coffee extract, 
tapioca starch, insecticides, and catalysts used in the oil industry. In 
pores of origin, they ranged from a da to Alaskae. 


One large-scale demons ation. of: the explosibility of coal dust was made 
at the Experimental coal mine and was witnessed by 4.50 visitorse 


Undergrowid fieanenextnt tes of Coal 


The dnttoauctign of mechanical loading in coal mines often necessitates 
better transportation systemseL&/ During the year, a study was made com. 
paring rubber—tired gathering units with animal, conveyor, and rail systems. 
The study indicates that tonnage per loading~machine shiit in mines using 
the block system has gained where rubber=tired equipment has replaced rail 
halagee <A new safety hazard arises because of the difficulty of main~ 
taining a definite clearance between the rubbor-tired wnits and the rib and 
Eimber se... , are ere 


t- 


Multiple~Shizt miele ed, Mining of Coal 


The purpose of’ this investigation of different types of mechanization 
used in'mines under variovs:systems of mining and physical conditions 
17/ Sayers, Re Re, Pulmonary Diseases in the Mining Industry: Bureau of 

Mines Inf. Circe 7116, 19/11, 26 pps. 

13/. Toenges, Ae. Les Some New Developments in Underground Coal Transportation: 
Paper presented to Southeast Section, Am. Inste Mine and Mete Inge, at 
University, Alas, and North Pacific Section, Ame Inste Ming and Met. 
Enge, at Tacoma, Washe 
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including pillar extraction by machines, is directed toward reaching con 
clusions regarding the safest and most economical practices of mining. Dur- 


ing the past pgs multinle-shift mechani zed-mining operations were studied 
in 15 mines in T Statese 


Inspections of Electric Mining Equipment 


The fact that "electricity" was a suspected cause in five of seven 
recent coal-mine disastersl9/ indicates the need for wider adoption of the 
safety principles and safety (permissible) devices and machines th3t have 
been developed as the result of more than years of investigationel/ vy 
the Bureau of Mines. 


a 


This investigative work has, as its primary object, the elimination in 
electric equipment of construction that mignt cause ignition of gas and coal 
..dust, as well as shock. The investigation of mechanical equipment has the 
objective of eliminating bodily injury to men working on or around such 
equipmente 


‘During the past ycar, 33 approval s2e/ of permiss ible mine equipment were 
— , MADS, » bringing the grand total to well over 400 approvals issued since 1914, 
Approvals of equipment are made aftcr tests are conducted to determine the 
effectiveness of sefety features that must be incorporated in designse 


“Diesel Engines Underground 


There is widespread interest in the possibility of using Diesel en- 
gines for haulage power in mining operations. Stucies have continued on the 
possible hazards involved, in order to develop recommendations and require~ 
ments that may serve to establish safe design and safe practices, When a 
Diesel engine operates underground, the exhaust gascs are discharged into 
the underground atmosphere; therefore these gases may be present in the in~ 
take to the engine, even when adequate ventilation is supplied. During the 
year, studies were maie23/ on the effects of operating a Diesel engine when 
part of the cxhaust gas from the engine was mixed with the intake air. 
These tests showed that, at a given speed, marked increases in the concen= 
tration of carbon monoxide in the exhaust occurred at higher power outputs 
or higher fueleair ratios, The increase in carbon monoxide was caused 
- partly by the increase in fucleair ratio and partly by the decrease in the 
concentration of oxygen in the intake that resulted when exhaust gas was 


Tisley, Le C., Stop-Look-Listcn: Mechanization, January 1941, ppe 72-74. 
Gleim, E, J. and Brunot, He B., Mechanized Mining Brings New Electrical 
‘Hazards: Burcau of. Mincs Inf. Circe 7160, 1941, 11 wpe 
auf Ilsley, Le C., A Quarter Century of Mechanized Mining, Notes on Pere 
ss missibility: Bureau of Mincs Inf. Circe 7156, 1941, 2 ppe 
22/ Gleim, E. J., List of Permissible Mine Spee Approved During 1940: 
‘Bureau of Mines Inf. Circe 7158, 1941, 4 pp. 
i 23/ Berger, Le Be, Elliott, Me Ae, Holtz, Je C., and Schrenk, He He, Dicsel 
a ~Engines Underground. II. Effect of Adding Exhaust Gas to Intake Airs 
Bureau of Mines Repte of Investigations 3541, 1940, 1S PPe 
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oddede The concentration of oxides of nitrogen decreased, and the concen 
tration of aldehydes was not affectcd significantly by the addition of ex~ 
houst gas to the intake aire 


The decicedly hazardous conditions found when toc intake contained more 
tran 1 percent cerbdon dioxide or less than 19 percent oxygen emphasized the 
necessity (1) for prohibiting the use of Diesels in scctions of a mine or 
tunnel where it is suspected that ventilation is locally inadequate and (2) 
for avoiding any "short—circuiting" between the exhaust outlet and the air 
inlet of the enginee 


Further work showed that the operation of Diesels in atmospheres con= 
taining methane in concentrations below the inflammable limit resulted in 
much greater concentrations of carbon monoxide, aldehydes, and oxides of 
nitrogen in the exhaust gase Incidental to these studies of hazards, con~ 
siderable, information was obtained on the combustion process in the Diesel 
enzine and on factors influencing Dieseleenzine performancee® 


Testing Explosives for Coal Mines 


The Explosives Division made physical tests, analyses, and other chem 
ical tests of explosives end blasting devices to establish their permissibil~ 
ity for use in coal mines, The performance requirements, prescribed condi-~ 
tions of use, and fees for testing explosives and blasting devices are 
presented in Schedule 16425/ 


The active list of permissible explosives and blasting devices now in- 
cluaes the names of 1%9 cxplosives and 9 blasting devicese26/ It is en~ 
couraging to rote that the annusl consumption of permissible. explosives in 
coal mines for the first tine surnasses the ennual consumption of black 
blasting powdere 


Liquid—Oxyeen Explosives 


Liquid oxygen absorbed on carbonaceous materials makes a high explosive 
that is useful for certain overations iy tne open, such as in strip mining 
for coal, A cooperative dry oct ieetioncl wito tne Pittsburgh Testing Lab= 
orator orted by the Chile Exploration Co, of New York, showed that 
Elliott, M. Aw, A Rational Basis for Correlating Data on Compression~ 

apres Engine Performance at Different Intake and Exhaust Conditionss 

resented at summer meeting, Soce Mrigey & i I 
We yee Tae ee iol ings Soce Autos. Enge, 2t White i ta Springs, 
25/ Bureau of Mines, Procedure for Applying for Tests Made on All Explosives 
and Blasting Devices by the Explosives Division of the Bureau of Mines— 

Prescribed Conditions and Requirements for Purmissibility When Used in 

Coai Mines and Schedule of Foes for the Tests: Schede 10, 1939, 13 ppe 
e6/ Tiffany, J. E., and Gaugler, Z. C., Active List of Permissible Explosives 

and Blasting Devices Azproved Prior to June -30, “1940; Buréau of Mincs © 

Repte of Investigations 3523, 1940, 24 vp. : 
27/ Denues, A. Re Teo, Fire-retardant. Treatments of Liouid—Cxyzen Explosives: 

Burcau of Mincs Bull. 429, 1940, 67 pp. 


ghi6 ~ 194 


Google 


Ie Ce 7190 


the hazards due to the high inflammability of the matcrial can be overcomes 
Application of phosphoric acid to the absorbent and wrapper rendered these 
markedly fire-retardant without serious detriment to useful explosive 
characteristicse 


Sheathed Explosives 


Sheathed explosives for reducing the risk of ignition in firedamp or 
coal dust have been developed abroads23/ Interest of the explosives in- 
dustry in this country has prompted an investigation during the past year 
of the effects of sheathing on the gaseous products procucede 


Mechanism of Ignition of Firedamp by Exvlosives 


Fundamental rescarch into the mechanism of ignitions of firedamp by 
explosives, which account for serious mine disasters, was continued to 
supply basic information to guide the development of safer explosivese 
Earlier studics29/ suggested that an understanding of the distribution of 
matter and energy in the products of exolosion may form a basis for an ex~ 
planation of tne ignition phenomena. 


Calculation of explosion temperatures end products of explosion for 
typical explosives show that changing the quantity of wrapper changes the 
oxygen balance, and marked changcs in temperatures, pressures, and explo- 
sion products are notede Current work includes an extensive review of the 
litcrature on equations of state at high density and the analysis of avail- 
able compressibility data for gases at high density with extrapolations by 
the use of theoretical models tc explosicn temperature and density; com 
parison of pressures thus calculated with results of other calculations; 
and a critical examination of the use of the hydrodynamic theory to calculate 
rates of detonation. 


Fires in Anthracite Mines 


Laboratory work was continued on the causes, behavior, and control of 
mine fires, Studies were made on the rate of oxidation of anthracite, the 
composition of the products of gaseous oxidation and distillation, and the 
change in composition of these gaseous products caused by external factors, 
particularly by bactcriae The composition of mine~fire atmospheres has been 
used to determine when fires have been cxtinguisned and to estimate the ac- 
tivity of unseen fires. One important factor that may modify the composi- 
tion of a mine-fire atmospnere is bacterial action, and duc allowance must 
be made for this factor before any conclusions are drawn about the activity 
of an unseen fire, Numerous tcsts of soils and mine waters from various 
sources showed that most of these sources contained bacteria that have the 


reyvTe, e, A Twenty Years! Survey cf the Use of Sheathed Explosives in 

Belgium: Burcau of Mines Rept. of Investigations 3530, 1940, 10 pp. 

29/ Gerhard, S. L., Holtz, Je Ce, ond Huff, W. Js, Recont Researches by the 
Bureau of Mines on the Ignition of Firedamp by Explosives: Bureau of 
Mincs Repte of Investigations 3464, 1939, 12 ppe 
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faculty of oxidizing hydrogen to water vapor and carbcn monoxide to carbon 
dioxide. During the year, an investigation was made on the effect of 
acidity and alkalinity on the growth and activity of these bacteriae30/ It 
was found that the bacteria could function in mediums showing a wide range 
in acidity and alkalinity ~ that is, from pH values of 3,0 to 11.0, The pH 
value of the mediums that. react tend to approach the neutral point as the 
oxidation of hydrozen and carbon monoxide proceeds toward completions 
Measurcment of rates of oxidation3L/ of anthracite in air at temperatures 


from 150°: to 3500 C,. showed that for sizes larger than 20—mesh the rate is 
directly proportional to the superficial arcae For sizes smaller than 20— 


mesh, however, the rate, ircrcased more slowly than the surface area incrcased 
and apneared to reach a maximum beyond which furtner subdivision of the 
particles had no effecte 


PREPARATION OF COAL 


Mechanical Cleaning of Coal 


In coal fields of Wash ington32/ and Alabama, nearly 70 percent of the 
coal that is mined is cleaned mechanically. Where wet washing is employed, 
the cleaned coal is discharged from the preparation plants,in a saturated 
condition, and the rate at-which it drains after reaching storage bins or 
railroad cars is important to both producers and consumerse 


Drainage Characteristics of Alabama Coals 


Results have been reported33/ on a project, undertaken in cooperation 
with tne University of Alabama, to evaluate the relative importance of the 
verious factors that affect the rate of drainage of washed coal 


Relative surface area, as calculated from scrcen analysis, proved to 
be an important factor, The removal of fines from washed slack coal resulted 
in additional lowering of the moisture by 3 or 4 percent by the time the 
wasned coal was loaded at the minee | 


Activaicd Carbon from oe Refuse from Washerios 


Activated se Bee is used in water suvieien ion34/ for the removal of 


tastes and odors. An ihves stigation has sho that the high-carbon 


30/ Jones, Ge We, and Scott, Ge Se,: Effect of Hydrogen-Ion Concentration on 
the- Growth of Hydrogen. and.-Carbon Monoxide Bacteria: Bureau of Mines 
Inf. Cire. 7133, (1940), 5 pp. 
a/ Scott, G. S., and Jones, Ge We, Effect. of Particle Size on the Rate of 
Oxidation of Anthracites Bureau of Mines Repte of Investigations 
3546, pie 15 aoe. 

32/ Yerce?, Fe, Geer, Me Rey Henkers. es Snyder, Ne He, Swingle, R. Jes 
Cooper, He Me, and Abernethy, Re Fey Analyses of Washington Coals, 
oO to Technical Paper 491: Bureau of Mines Tech, Paper 618, 
19 1 Pe 4e 

Gandrud, Be We, and Coe, Ge Dei Drawers Characteristics, of Alabama... 
Coalss reau of Mines Kent. of Investi ations. 356 3y~ 19 MAS Go 

34/ Broderick, S. J., Cartonaceous Cation aay fajon xcnen ers. ni Wake r 

Treatments: Bureau of Mines Rept. of Investigations 3574, 1, PPe 


Broderick, S. J., and Hertzog, E, S., Activated Carbon fe Hay Th 
for Water Purification; sureau of Mines Repte of aie ara "35 ’ 
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fractions. of mine ‘refuse can be activated by Radeine to 7509509 C. in 
.steam or by the zinc chloride method. A good commercial grade of activated 
carbon can be made froma fraction of the high-grade, loweash refuse, but 
the activity of the resulting product decreases as the ash content of the 
coal increases, The degree of. activation of the carbons was measured by . 
both the phenol and iodine adsorption tests. The pnenol test was shown to 
be much superior to the iodine test in evaluating the relative worth of the 
cares for water Oe 


.  f method of astication in ates was used in which the temperature of 
activation could be controlled closely and the extent of gasification or 
burning could be controlled by measuring the volume of the gases given off 
in the reaction, This method made it easy to stop the activation process 

at the point where the activity of the product was maximum. The tests 
showed that changes in the temperature of activation in the range 750°. 
950°C. had little effect on the activity of the product but that the rate 
of gasification increased by a factor of about nee: for each 50° ¢, rise in 
temperaturee | 


Gost=Mine eee as a Watcr Softener 


Tests indicated that the use of Alabama mine refuse. as a raw material 
for making a granular water-softening product is not feasible bge use of 
the high loss of fines resulting from the activation treatmente The 
coal fraction of the mine refuse proved to be more active than the clay 
fraction as a cation exchanger in softening water, so an activation prow 


cedure was developed for coale = 


The method of activation of coal that produced the hi chest exchange 
Capacity was a concentrated sulfuric~acid digestion, followed (after 
thorough washing) by autoclaving with dilute sodium. hydroxides A product 
was obtained that had a sodium-exchange capacity of 5,500 grains per cubic 
foot and a hydrogemexchange capacity of about 7,500 grainse 


Tests showed that the life of the exchanger was virtually indefinite ms 
38 eee cauged no appreciable loss in basowexchange capacitye 


“Steam Devin of ‘Subbituninous Coal and Lignite 


In coopération with the University of North Dakota, large-scale labor- 
atory tests were continued to determine the time required to dry various 
sizes of lignite with saturated steam by the Fleissner process, Investiga- 
tions had shown that both. the, time .gnd the cost of drying should decrease © 
as the size of lignite decreaseds These deductions were confirmed in 


x Y= % ‘ t ¢ @-. Pas e : os Aa oe t arene ea é 


cr —————— oo 

36/ Broderick, Ss J. and Bogard, D., Carbonaceous Cation Exchangers from 
Coal and Coal Refuses Bureau of Mines aaeee of a 3559» 
1941,. 17 PPe me , 

31/ Parry, Ve F.,. Lo ig: Ces. ‘and Koth, Arthur, - Tne pe apation of 
Stable Nonslacking Fuel’ by Steom Drying Subbituminous Coal and ae 
nites Transe An ore pone Ange. in Ptcere 
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the large-scale tests, whicn demonstrated that lignite having an average 
size of 1-1/2 inches can be dricd in 25 minutes, thus increasing its heate 
ing value from 6,900 to 10,000 Beteu. per pound. As the heat for drying is 
transferred from condensing stcam by direct contact, these large-scale 
laboratory tests in all probability compare well with the time required for 
drying lignite in large commercial autoclaves. Cost estimates indicate a 
low cost of drying lignite in a plant of commereial sizes The saving in 
freight charges on a haul of moderate length would pay for the cost of dry- 
ing tne lignite, : 


Table 4 summarizes experiments made to determine the time required to 
dry different sizes. The improvement ratio referred to in this table is 
the ratio of the weight of lignite before drying to the weight after dry— 
inge It is also the ratio cf the heating value of dricd lignite to the 
heating value of raw ligiitee Table 5 shows the rclationship of improve— 
ment ratio to hcating value and moisture content of dricd lignite produced 
from raw lignite having 55 percent moisture and a heating value of 7,000 
BeteUle per pound. 


STORAGE OF COAL 


Oxidation of Coal in Storazc and Snontancous Ienition 


Coal has the property of consuming oxygen from the air, even at ordi- 
nary outdoor temperatures. Recent studies of this property38/ and the 
effect of conditions upon the rate of oxidation have brought out many facts 
that should be considered when coal is to be stored. 


The laws governing the rates of oxidation of qoal. at low temperatures 
tiat were discovered in this work explain many of the phenomena observed in 
studies of spontaneovs ignition of large piles of coale 


The rate of oxidation is tripled when the tompcraturc of the coal is 
raised only 24° F, and is three times fastcr for 18-mesh than for l-inch 
coale Reducing the perccntage of oxygen in the air from its normal value 
of 2009 to a value of 365 decrcases the low-temperature rate of oxidation 
67 percente ne | 


Freshly broken surfaces of coal consume. oxygen at a high rate, but the 
rate decreases rapidly. Tne laws governing this rate. of decrénse have been 
dotermined, so thet the rate at any timc or extent cf oxidation can be pre- 
aGicted witn considerable accuracy. For example, a sample cf an average 
cocl (fine) 12 hours arter crishing consumes oxygen tnree times as roanidly 
as it will 2.9 days after crushing. | | | 


38/ Schmidt, u, D., Effccts of Stornge end QO::idation of Ccoap upon Coking 
Propertics: Iren and Stecl Enge, vole 12, Noe 3, March 1g1, 
PPe 6U~72. 
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TABLE 4. =~ Dryi e ite by Fleissner ces 
of experimental results at University of North © 
Daxota, fiscal vear 194 i 


Average 

size of 

raw lig- |. | 
nite, inches| Heating 1/ 


1.75 


Cycle time, minutes 


— 2/ | Total 


Improvement 
ratio 


Lee 


gh ak og al at ea ool ll a gl 
GEOG GEESE EGGS ES 


1/ Heating period defined as time before releasing steam 
pressures includes preheating time and soaking time. 

2/ Cooling period defined as time after steam pressure is 
released; includes vacuum period. 

3/ Improvement ratio = weight ratio. 
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TABLE 5. =~ Relationship of improvement ratio.to heating value 
ana moisture content of dried ligitely 


Improvement Moisture, 


Benting voluc, } Moisture,|| Improvement Begins value, 
Be toue per lbe percent. ratio Be tote per lb. | percent 
3 720 
6.3 
bel 
Fel 
3ef 
301 
205 


Calculated, assuming r< raw lignite has 35 percent moisture and a heating 
value of 7,000 Bsteue per pound. 


Table 6 shows the average changes in proximate and ultimate analysis of 
nine coking coals (1/4-inch slack) that were subjected to carefully con- 
trolled oxidation. The average time.of exposure to air et 2119 F, was 4.5 
days, which corresponds roughly to 450 days of exposure at ordinary outdoor 
temperatures. The heating value of the coal decreased regularly with in-~ 
creasing extent of oxidation, whereas the oxygen content of the coal in-~ 
creased regularly. 


TABLE 6, ~ Changes in proximate and ultimate 
analysis with oxidation of coal 


Changes in proximate and ultimate analyses, based upon average 
for,9 coals oxidized at 2119 f, (moisture- and ash—free basis) 


Oxygen consumed . . « « « « e e epercent by weight of coal 1 


Days in air at 2119 F. (O-1/l-inch coal) . 2. 2. 0 ee ee eo eS 
Decrease in heating valuce « « « « « «© » © © © ee percent § 69 
Decrease in carbon content . . . +. .«e.e-+-«eee percent 40 
Increase in oxygen content . ....+.eec+s seo »@ doe 049 
Decrease in volatile~matter content. « ». «6 «6 « GOs 0.6 
Increase in real specific gravity of coal. . « e » percent. .905 


An apparatus has been built for measuring the total surface ~ internal 
plus external area ~ of samples of coal. This value depends on both the 
particle size and the porosity of the coal and is very important in studies 
of the oxidation reaction. The method involves obtaining low-temperature 
adsorption isotherms, using argon gase fPreliminery tests indicate that the 
total surface available for adsorption of this gas is 10 to 1,000 times 
greater than the geometric or cxternal surface of the coal = the factor 
depends on the rank of coal and the ee sizee 
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pvorese of Subb3 tuzinous “Coal and Liznite _ 
Proper stones of subbi tuminos conl and lignite is necessary if slack- 


ing and degradation are’ to be avcidedel2 A typical subvituminous coal 
from Weld.Countz in the Northern Coloredo field’was stored under various 


conditions for 140 dayse Part of the hese wns exposed to average outdcor 
weatner conditions, anctacr part was‘st oe. in a ventilated concrete bin and 
a tnoird part in a closed concrete bine “Ver urements were mede of the change 


in size, the changes in friability prépertics, ena tne changes in heating 
value ond chemical prcoperticse . | : 


It was observed that when svbbituminous coal is stored in a closed bin, 
having minor variations in temnerature and minimized circulation of air, 
only minor physical and chemical changes occur in the coal ‘during 3 months! 
storazee The change in average size was 8.3 percent, and tne heating value 
of the coal substance decreasei 0.6 percent. During a 35-day period the 
change of size in a somple stored under similar conditions was only 5 per- 
cent, whereas the cnange in size in a sample storcd for tne same length of 
time but in a ventilated bin was 17.0 percent. In contrast to these, a 
similar sample exposed to the weather changcd 75.0 percent in size. Dure 
ing a cO-day period of exposure ina gentliatea bin, tue friapility in- 
ercased from 16.1 percent to 3Se4 percent. 


This investigation indiceted that, under proper conditions which control 
the factors influencing moisture change, subbituminous coal can be stored in 
closed bins for long periods without much degradatione The preferred con 
ditions for storage arcs (1) A clcsed, tight bin having minimum circulation 
of air; (2) slow rate of change of temperature of the interior of the bin, 
wnich allows the coal to adjust to temnerature conditions without excessive 
surface stresses; and (3) low tenperatures, -if possible; to reduce vapor 
pressure and evaporatione Under these favorable conditions, the atmosphere 
in the bin will remain essentially saturated with water vapore This pre- | 
vents loss of moisture from the surface af .tne coal and retards degradation 
by minimizing its causce Decterioration of tne heating value of the coal by 
oxidation is less if physical degradaticn is retarded by proper storages 


uP ILIZATION OF SCAL 
Combustion. 


Foael E insincering Service 


Consulting service was rendered to many other agencies of the Govern 
ment on tne selection and use of fuels and equipment for burning fuels. Com 
perative overnting costs with differcnt types of fucls were prepared for 
various new Governmcnt projccts. Recommendations were made to the War De~ 
partment on type of equipment, method cf operation, and choice of fucl for 
various army campse Specificaticns for coal for tne Arctic region were 


Parry, Ve Fe, and Goodman, J. S., Storage of Sutdituminous Coal in Smell 
Bins: Bureau of Mincs Repte of Investigations 3587, 1941, (in pres). 
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recommended. <A series of acceptance tests was made on heating plant equip~ 
ment at five new plants for the regional research laboratories and research 
center of tne Department of Agriculture, At each plant, readjustment and 
replacement of certain equipment were found necessarye 


ieeeeienee tests of new steam-jet ash ejectors at the Canitol Power Plant 
-showed the necessity of changing the size of the steam nozzles. Detailed 


studies were made on the preparation of complete specifications for various 
new boiler plants. 


Boiler FeedeWater Conditioning. - Water analyses and resulting recommen- 
dations were made for 1,3/5 samples from various Government plants. A report 
was prepared on analyses of 9 boiler compounds and 18 boiler scales and 
sludges for various activities, Acceptance tcsts were run on.2 new deaera- 
torSe sia - 


Inspections were made on boilers: at three plants on corrosion in a 
asaaae ps and on scaling in the condensers of an air conditioner, and 
spropriate recommendations were givene 


A study and analysis of several sludges were made to determine the ceuse 
for frequent valve failures at a hospital. It was found that the failures 
vere caused by an excessive amount of iron oxide, which in burn 1 was Ee to 
a condensate of low pH (high acidity). — : 


Smoke Abatement. ~ eoneuliine ecpvice was given to municipalities and 
covernment plants on the abatement of smoke and fly-ash. A bibliography 
of references was prepared on the determination of atmospheric sulfur di- | 
oxide, the determination of dust fall, and the determination of atmospheric —_ 
dustse A discussion was prepared on the methods employed.in reducing | 
erission of fly-ash from chinneyalo/ -% ye | 


Removel of Ash as Molten Sla fron pareerieeanGpal. TapaaeeE 


The general problem involved in determining the flow characteristics 
of coal~ash slags was outlined in a previous report, if and’ emphasis was. 
vlaced on the existence of a liquidus temperature during the cooling or 
“eating of these slags. Below this liquidus temperature, slags:no longer |... 
cehave as true liquids having fixed temperature-flow characteristics but .-— 
instead are greatly influenced by time and by the type and the dimensions 
of the instrument used in their measurement. Thus determination of the 
flow characteristics of coaleash slags below the liquidus temperature (that 
is, where the slag is an actual mixture of liquid-and solid phases) becomes 
on arbitrary one, and greater difficulty fe to be cxpcetod in obtaining row 
producible data and in utilizing these data. However, a test proccdure hag: 


4O/ Barkley, Jo Fe, Methods Employed in Reducing Fly Ash Emission from —. 
Chimneys, Manual of Ordinances and Requirements: Smoke Prevention 
Assoce Amcrica, Ince, 1940, ppe S91, . 

“1/ Fieldner, A. C., and Rice, W. E., Annual Report of Rescarch, and‘ Tech 

‘nologic Work on Coal, Fiscal Year 1940; Inf. Circ, 7143, neers PDe 
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been devised for tais. measurement, using a continucusly rota ating inetounent 
of the Margules typee Although the data are expressed in the absolute units 
of poiscs, the determination is actually one of "apparent" viscosity. Thus 
continuous curves of viscosity may be plotted, the data above the liquidus 
temperature. being Beene and those delow the ots temperature ae ; 
trarye i 


New Instruments. t2/ ~ Fisure 9 shows the viscometer furnace and the 
assembly for measuring the density of Liquid slags: by means ‘of an immersed 


platinum Sy EEReere: 


‘Figure 10 shows. an sisetricaly heated furnace developed for the deter- 


mination of the ASTM. conc-fusion temperatures in an atmosphere of air. 
The furnace is similar to that of the viscomcter set~up and consists of a 


o~inch—diameter carborundum tube, which acts as a resistor. The switches 
for the multiple transformer and the controls are on the board. This fur- 
nace can be used up to 2,9009 F., whcreas a platinumrcsistance furnace 


should be limited to 2,700° F, The Peay erature of the cones is given by a 
thermocouple inserted from tne rear, witn tne junction Base Rock he coneSe 


Burning Solid Fucis on Troveling Grates 


The studies of the burning of fuels on the crossfced principle — that 
in which the fuel moves at right angles to the flow of air, — as on travel- 
ing grates —~.has been.continucd for anthracites and high-temperature -cOk€e 
All tests are made under close control of the applicd conditions (such as 
air. rate and temperature, size cf fucl, and formation of fuel bed), and any 
one factor can be varicd while the others are kept constante The control 
is such that repeat tcsts give duvlicate results. With any one. fuel and 
fuel condition of size and moisture content, the three operating factors 
of air rate, air temperature, and temperature of the ignition arch may be 
variede 


The main. burning charectcristics detcrmined are (1) the time required 
for the initial ignition of the surface of the fucl bed, (2) the rate of 
travel of ‘the plane of ignition to the grates, (3) the rate of gasification 
of the fuel, and (4) the pressure eos throuen the fucl bed against time. 


Tes stglt3/ of the previous year .were senoerned with the main orineisies 
of the relationship of results to large variation of size, air rate, and 
temperature of the ignition arch. Sizes of fuel were used that are not 
burned commercially on traveiing-srate stokerse The investigations this 
year nave, in the main, been restricted to commercial sizes ~ coke breeze 
and buckwheat sizes of anthracite — and the results of tne burnings compare 
directly pe commercial onerationse 


4o/ Reid, W. T., An Zlectronic-Contacting Galvenomcter for Temperature Con— 
trol, Temperature, Its Measurement and Control .in Science and Industry: | 
Reinhold Pub. Cos, 1941, ppe 611-616, 

u3/ Ficldner, A. Ce, and Ricoy YW. Ee, Work cited in footnote 41. 
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Figure 10.- Carborundum-tube furnace for determination of A. S. T. M. 


Figure 9.~ Apparatus for measuring density 


cone-fusion temperature in air. 


of liquid slags, mounted on slag-viscosity 


furnace. 


t of crossfeed furnace. 
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Experimental domestic stoker. 
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Some factors, the effects of which have been studied, arcs 


l, The effect of the dezree of initial ignition on the rate of 
travel of the plane of ignition through the beds 

2. The effect of varying degrees of preheat on the burning of 

-* gmall anthracitee 

3e The effect of secondary air over the bed on the amount of com 
bustible gasified when the quantity of pean air is enovgh 
to cause "boiling" of the bed. 

4, The effect of the moisture content of the fuel as fired on both 
types of ignition and on pressure drops through the bede - 

5e The effect of size composition of mixed size of fuel, with special 
reference to the percentage of fines in coke breezce 

6, The effect of the ash content of the fuel; the ash ranged from 
5 to, 70 percente 

7e The effects of the addition of sat arouses of a a6 chem= 
ical Se 


The variation in resistance to the flow of air thi ooh the fuel of a 
chain grate in relation to its nosition at its travel is all-important, as 
also are the relations of the rates of ignition and of burning to the flow 
of aire The methods of tcst uscd are well-adapted to mentee such studies 


end to correlating experimental data with theory. 


The degree of ignition, rate ee. and resistance to air flow of 
tne fuel change along the length of a stoker, but with constant operation. 
are fixed at any one position. From the test data, a complete picture of 
the conditions of tne-fuel bed along its length can be developed for a de~ 
fined air control, such as con Pesan air pressure below the grate barse 


Apparatus. — The apnaratus deserted in previous reports has been en- 
tirely satisfactory and its deterioration not higi, considering the un 
favorable effects of the daily heatings and coolings on the refractories 
and carborundum partse 


An air preheater has been added, py which the pion tans of the pri- 
nary air can be increased boyond the maximum required (400°F.). Figure 11 
is a general views the refractory gas-heated furnace is in the foreground 
and connects to one end of the tubular heat exchanger in the rear. . 


Combustion of Subbituminous Coal and Lignite in Domestic Equipment 


The object of this investigation was to study the performance of subbi-~ 
tuminous coal and lignite in heaters, furnaces, and stolccrs row being used 
fer burning these fuels and..to devclop improved methods fer burning these 
noncaking coals in small equipment that furnishes domestic services.. Fig~ 
ures 12 and 1% show some of the cquipment used in these studies, The ex- 
perimental work of this year included: (1) Tests to determine the perfor 
mence of different sizes of sudbituminous coal in a stcckemodel domestic . 
stoker, which permitted using either of two types of retorts and cither of 
two types of screw worms for feeding coal to the rotorts (2) the performance 
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of different sizes of coal in space heaters; and (3) the pesfornance of a 
small automatic stoker for heating service water. Experimental development 
was conducted cn-new furnaces for burning noncaking coal with gravity feed 
stokers and for burning coal dust in suspension, Coal from the fJortiern 
gonorade field was used for the testse ‘ ae : 


Investigations enaaetea during the previous year had shown that the 
principal difficulties encountered when low-rank coals are burned in domestic 
appliances are caused by the dust included in most prepared sizese Lyf These 
coals do not coke in the fuel bed; consequently the fine sizes are reduced 
in size by combustion and are free to mowe, resulting in beds of variable 
resistance and produting much fly-ash, During the current ycar, it wes 
demonstrated that stokers and other aprlianccs perforin best if the size 
range of the fuel is limited and if dust is removed before firing. Better 
performance in stokers was noted with coals having sizes smaller- than l 
inche Several explosions were experienced when 2/4 by l~]/2einch size 
was used, caused by dust formed by degradation in the worm, whereas nn 
troubles were encountered ‘when the 1/3 by 3/44nch: size was burnede The 

experimental’ work of the current year also showed that retorts having more 
and smaller tuyercs, some being on the outside, improve the performance 
subbituminous coal in’ domestic stokerse a: 

A&A small, commercial, automatic anthracite stoker for scrvice hot water 
was adapted to use subbituminous coal. This stoker was tcstcd for 8 months, 
and when improvements wore added it operated for 1 month without attendance 
on 1/16~ x 3/S-inch coale An average of 8 pounds of coal.a day was consumed 
to heat: the service water for the laboratorye i 


An investigation was emi on the degradation of subbituminous coal in 
stoker worms, The object: of this work is to detcrmine the factors that 
affect movement and degradation of coal in small, mechanical stoker worms 
and the effect of these factors on physical propertics and on distribution 
of the coal at the retort. Table 7 shows the type of data obtained in this 
investigations 


= Coke and Gas Ma aking. 


A survey of recent progress#5/ in making of coke and £23 showed that 
only 193 byproduct coke ovens were completed in 190, whereas 286 were com 
pleted in 1939, 


Hus Parry, 7. Fe, and Sesur, Ry Dee Performance of Subbituminous Coal in a 
Typical Underfeed Domestic Stoker: Bureau of Mines Rept. of Investi-~ 
gations 3557, 1941, 18 ppe. 

L5/ Fieldner, A. C., Processing and Carbonization of Coal? Min. and Mete, 
Vole 22, 1941, pv. LIMA1 156 
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TABLE Teo Degradation of subbi ous coal in a domestic stoker. 
= Distribution of sizes emerging from retor reent oe 
| 1.05 | O. 742] 0.2525 a 0. 075 Degra= 
creen size, inchese/ x x x Total |Average| dation 
1.5 1.05] 0.744 0. 525 0.185 0.09 size |percent 
riginal sizes 
Rass hannecesee wees 
B eeaeeoeesveoveeoede1eses @ 6@e 
Cierewe iwaemeeues 
I) cdavartcess ee orarecatererass 100 
E (modified pea) 3. 15.0 | 28 
ear quarter?’ 
hiwsicwoh.aeerisleees 4, 7e5 3.3 
Busws parcteasees ; Be Tel 2.6 
Ciaie aeweaee eee Te 1228 1.5 
D.. e eeceeveeaevee 21.5 1.4 
Rises sisciv's Se 4, 903 | 3-6 
Tont quarters 
| rere re re ° Se 4] 05 
Bepcsaieusien Sears 9. 304 al 
C e@eeee @e@eeeeeoe7n2n27een 8 14-6 10.8 Psi 
D @eeeoeoonve2d 6 @egeeoeee 2328 ec 
D wcccwd ed Oew eee 6. 5.4 ec 
light quarter: ae 
Miseccaaces poetigs Ly 566 | 3.3 
Bees eoovoreceorvrevece e 6 5.4 Coe 
C eoeeenereeeeene eeocn 9 11.3 1.5 
Dine iveeeeeweee e 215 lee 
eke seo ws.6 440 were 6.8 cel 
eft quarter? 
| eee ‘ 6.3 1.2 
Beas eo ene00e040 bef ot 
Cees @eeseeetess8es e¢ 12.0 ral 
D eeeaencvece eeoveenne Cfel 05 
Ba exinos owe whee ee Gel lel 
otal 
A. @vecesevecce eooece 25el 83 
B. eearece eoeecennes Leek 5.3 
G @eeeeee0oeee2#e 6 #eeese 46.9 3ec 
Deveccccrcccccces 9329 bY) 
Bo o:6id666 86 eeebiow ere 40.5 7-6 


Original weight of sample, approximately 250 pounds. © 
Square meshe 
Pounds of coal per revolution of wormt C = 0.391; D = 0.408. 
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The demands of national defense no doubt will result in an increase in 
this figure for 1941-° The increased demand for pyridine for medicinal: and 
fabric-waterproofing compounds led to the recovery of crudé pyridine from 
saturator bath liquors at several byproduct plantse The first commercial 
plant in the United States for the production of ammonium thiocyanate 
crystals was put into operation. Other improvements in commercial practice 
included use of semicontinuous recovery of light oil, continuous sulfate. 
driers, and the treatment of coal with oil to increase the density of «© °°": 
charge in the coke ovene eo 


The present need for industrial preparediiess has aroused new interest 
in the availability of ccke in the West. This interest in the coke supply 
arises from consideration of the needs in clectrochémical’and electro 
metallurgical processes using clectricit ty made at tue new dams, proposed 
blast and are furnaces | in the “Wost, and the new munitions plants. a 


The possibilities of using ‘ais coking seaie of Washington have been 
covered in an extensive report analyzing the available supplies of Washing- 
ton coking coals, the quality. and properties of the coke produced, and the 
tecnnologic ad economic factors involved in’ the manufacture of coke on the 7 
West poset suo) = 


The results of all the investigations say tests confirm the conclusion 
tnat the coals from Pierce County, Washe, can be coked successfully in by 
product ovens to produce domestic, smelter, foundry, and metallurgical coke'’ 
suitable for ferrous smelting in blast furnates, as well as coke suitable — 
for the manufacture of producer and watcr gase Coke produced from these 
coals can be expected to have a high ash content and. low as eatery 
(0.6 percent) and apparently will cost $7 or $8 a tone 


Survey of Carbonizing Propverties of American Coals 


In cooperation with producers of coking coals, large samples repre~ - 
sentative of the coal beds are taken and subjected to a large humber of © 
tests to obtain thorough !mowledse cf the propertics of the coals. "Both: 
producers and consumers benefit by the information obtained, and the Nation _ 
is sorved as the range of coals suitable for carbonization is extehded. © 
The rescrves of best coking coals tend to be conserved by the attention 
given to their especially valuable coking properticae 

pee 

fo evaluate fully a coal for the. gas and ents industrics, it’ is neccessary 
to lmow not only the yield and quality of the carbonization products but 
also tne effect of storage on coking properties and whether or not the coal 
expands enough to damage walls of: coke ovense 


46/ Daniels, J., Beehive and Byproduct Coking in Washington: Bureau of 
Mines Rept. of Investigations 3551, 1941, 77 ppe 
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- Technical papers published during the yeartl/ give complete” eanpensee 
properties of three coal sand | their petrographic comp ositiane. Os 


eee scale (BM-AGA) eciticntentiten tests were comp? etod on erie new 
coals during the year by methods developed previouslye- A general view 
of the: equipment used is shown in figure a A dette 


Yhe fact: that three of ick needs were. from: "Pacific « or. “Midwest States 
indicates an increasing trend toward the deyclopment of gas and coke in~ | 
dustries in these regions without the use. of ensvern coale . Coals 65. and 
“$6 were from Washington; coal 67 from Kentucky, and eool 68 from Oklahoma. 
Table 8 gives the sources and analyses of the. ‘four coals and of other 
coals that were blended with the em to improve the properties of the cokes 
produced, Coal 65) (WasKington) contains 11.4 percent ash, which is high 
for a goal to be used for making metallurgical cokes; however, this factor 
is of secondary. importance in the Pacific Coast States, where good cozing 
coals are less nimerous than in the Eastern States. It cohtains less than 
35 percent volatile matter (mois ture- and ash-freea basis); consequently it 
does not qualify as a Zas coale Coals 65 and 67 déntaia relatively low _ 
percentages of ash, moisture, and sulfur, and their volatile-matter content 
exceeds 35 percent; therefore, ooth qualify elitier as gas or coking coalse 
Coal 68° (Oklahoma) contains 63 image moisture and 2el percent sulfur, 
and these are high for coking cnals; it isa Ha eeNOt eye coal and 
ordinarily wovld not be considered s coking coal, The high content: of 
sulfur in coal 68 detracts from its valve as a gas cOale Coals 69 and 
JO (Arkansas) are low-volatile coals uced for blending, for which purpose 
they are satisfactory because they have nign agslutinating values and 
contain relatively low percentages of. Moisture, ash, and sulfur. 


Table 9 gives the yields of carbonization products at 9009 CG, from 
coals 64 to 67, inclusive, for blending coals 28, 56, and 57, and also 
for the blendse The yields varied in a normal manner with the rank of 
coale ‘Low~volatile coals 56 and 57 gave hich yields of coke and low yields 
of tar, light oil, and ammonium sulfate. High-volatile coals 28, 65, 66, 
end 67 gave low yields of colre and high yields of tar, light oil, and 
ammonium. sulfate. As cena i -yts intermediate raul, nedium-volatile 


+7 reer Ae C., ae ig Des Reynolds, De Aey Brewer, Re E., Sprunk, . 
Ge Co, ond Schmidt, Le De, Carbonizing Properties and Petrograpnic Com 
position of Lower Banner-Bed Coal from Keen Mountain. Mine, Buchanan 
Cotnty, Va, and the Effect of Blending this Coal with Pittsburgh-3ed. 
(Warden Mine) Coal:. Bureau of Minos Techn. Paper 616, 1940, 47 ppe 
Fieldner, A. Cis Davis,: Je De, Selvig, We Aes Reynoids, De A., Erewcr, 

Re Ee, Sprunk, G. Ceo, 2nd Holmes, Ce 2, Carbonizing Propertics and 
Petrogrzphic Compositicn of, Upper Freenort Ccal from Mor gantown Dis~ 
trict, Monangalia County, le Vae, and of Lower Freeport Coal from 

7 Fastern Indiana county neor Campria County gins Bureau of Mines 
Teche Paper 621, 1941, 77 pp. 

ug/ Ficldner, A. C., and Davis,.J. De, Gase, Coko~,. aa Byproduct~Making . 

Properties of Ancrican, Cozls and Their Determinctions Bureau of 
Mines Mone 5s 1934, 164 ppe oe” os 
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Co ~ Bakerstown bed, No. 23 mine, Tucker County, We Va. 

Coal 65 ~ Washington No. 2 bed, Bartoy mine, Pierce County, Washington. 

Coal 66 » Miller bed, Wilkeson-Miller mine, Pierce County, Washington. 

Coal 67 ~ Taggart bed, Iynch mine, Harlan County, Kye 

Coal 68 ~ Henryetta bed, Atlas Noe 2 mine, Okmulgee County, Oklae 

Coal 69 ~ Lower Hartshorne bed, Great Western mine, Sebastian County, Ark. 
Coal 70 « Upper Hartshorne bed, Quality mine, Sebastian County, Ark. | 
Coal 56 =» Pocahontas No. 3 bed, Buckeye No. 3 mine, Wyoming County, W. Va. 
Coal 57 ~ Pocahontas No. 4 bed, Noe 4 mine, Raleigh County, We Vac 

Coal 28 » Pittsburgh bed, Warden mine, Allegheny Oounty, Pa 


Dry, 


mineral Proximate ant Heat 
. matter Vola- Ltimate el: spe ing 
free, tile | Fixed Hy- Le | value, 
Coal | fixed Moise] mate | care dro» Sul-|Betetle 
No 2/ CaPrDOn | De Borle 1 eC Dor Asn j£e mn | fer Per m?> » x Lb 
oF | 77el «61 15,450 122 | 2166] 7005 | Sef : 
Ga} 65.6 [15,120 {2.0 | 3203 | 60.3 | 5e4)5. 
64UB ‘| 664 15,120 [2.0 | 3106 | 6102 |! 5.215 


65 68-4 15,180 {2.2 | 25.1 |58.3 [L1e4/5.2 
66 | 597 [15,100 |167 13765 [54.5 | 63/507 


67 6307 15,070 [205 | 3308 15803 | 5e415.4 
674 oon 15,020 [263 | 3009 | 6103 | 5.5152 

68. 15,150 1262 | 2905 16206 | 507/52 
67¢ 6700 - 115,080 12.0 | 3008 | 61-3 | 5e9/5- 
67D 69e2 15,060 |2.3 | 28.8 163.1 | 58 p* 
67E T5e7 15,290 [1.7 | 23-0 | 69.4 | 5.9/4. 


68 | 6200 |13,800 [6.8 133.9 [54.0 | 5.3 

68A 6603 14,130 [5.6 sok 4 15.6 

68B 68-2 14,2! 5e3 =| 28.7 | 60.0 a 
5 
5.4 


68¢ 6602 14,1 Bef | 3065 | 58.4 
68D- 6803 - 124,290 [5e2. | 28.8 | 60.6 


69. | 8169 415,360 [166 |17el 17305 | 7e3j42 
TO | 8009 {15,360 106 11853 [749 | 5.2 [45 
56 Sle? {15,520 {166 {174 | 74.5 665 | 4 
57 | 8303 115,510 [1.4 (16.0 175.66 | 7.0/4.3 
28 6168 115,080. ee 


L/ 

Coal 644 contains 80 percent and coal 64B contains cent Pittsbureh-bed 
af tho’ 28) coal BoA contains 20 percent tier 56) Pd 678 30 Boreent™ 
Pocahontas Noe 3 coal (No. 56); coal 67C contains 20 percent and coal 67D 30 
percent Pocahontas No. 4 (Noe 57): coal 6A contains 20 percent and 68B 30 
percent Lower Hartshorne--bed coal (No. 69); coal. 68C oo 20 percent and 
god 70 percent ppper Hartshorne-bed coal (No. 70); coal 67E-contains 60 persen 


8Uu16 ~ 34 - 


Google 


I.C. 7190 


Table 9 gives the yields of carbonization products at 900° ¢, from 

coals 4 to 67, inclusive, fcr blending coals 28, 56, and 57, and also 

for tne blends, The yiclcs varicd in a, normal manner with the rank of 
coele Low-volatile coals 56 and 57 gave high yiclds of coke and low yields 
of tar, light oil, and ammonium sulfate. High+volatile coals 28, 65, 66, | 
and 67 gave low yielded of coke and high yields of tar, light oil, and : 
ammonium sulfate. As expected from its intermediate rank, neciumeveraviie 
coal 64 -#ave yields of coke and byproducts intermediate between. those from 
the high arid low-volatile. coals. The. yield of gas,-upon the volume basis, 
did not vary with the rank’of coal, but 7 upon the bagis of heat in gas per 
pound of coal carbonized the différences’ att. to fonk are apparente The 
yield for coals 65 and 66 differs greatly, but this difference is expected 
because (although both axe high-volatile A coals) coal 65 is very high in 
that rank, whereas coal, .65 is. correspondingly lowe The yield from coals 
28 and 67 checks very closcly,: except for light oils both are representa- 
tive highryolatile.coals suitable for gas or coke-making. Blending: the 
high~volatile coals with low-volatile coals increased the yield of coke 
and decreased the yield of byproducts; blending the medium-volatile coal 
with high-volatile coal decreased the ve of ccke and merce’ a 
yield of byproducts. 


Table 10 gives the results of pnysical tests of coke from coals 28, 56, 
57, 65, 66, 67 and 68, and from blends of. these coals, on carbonization in 
the 18-inch. retort at 900° C. ‘The strongest cokeg,, as measured by the 
shatter and tumbler.tests, were obtained from coals 65, 56, and 57. -As 
noted above, coal 65 is high in the hish-vélatile A rank of coals and 
therefore, as expected, viclded stronger cékes than were obtained from 
coals more representative of that rank, such as coal 07s The coke from 
coal 65 is weaker than the average for higt-volatile A coking coals; it 
is of about the same strength as that from high-volatile B coal 68 - 
Blending coal 67 with low-volatile coals 56 and 57 in proportions of 20 
and 30 percent improved the strength of coke, and coal 57 was slightly 
better than coal 56 for this purpose. Blonéing with low-volatile coals 
69 and 70 improved the physical properties of the coke from coal 68 con 
siderablye .The cokes from the blends of coal 6% are about. as strong as - 
those from the blends of coal 67, although coul S7 yielded stronger coke 
than coal 68 when each was carbonized singly. These results indicate: 
(1) Coke of good nhysical pronpertics. may be obtained from high-volatile 
B coal if suitably blended; and (2) low-volatile conts 69 and 70 (Arkansas) 
have satisfactory blending properties. 


Three blends of Alabama coals, previously carbonized in Kovpers by~ 
product ovens, were carbonized in the BM—AGA 13~inch retort at 800° ©, 
and also in the vertical slot oven, The heating program was designed to 
approach that of commercial ovens. Physical tests of the cokes indicated 
that the test cokes were stronger than those from the ovense However, the 
BM@-AGA test has the advantages that blends can be provorticned and mixed 
more accurately and that the charges are unaffected by weather. The re~ 
sults of tne byproduct-oven and small-scale tests indicate that coke of 
foundry quality can be produced from these blendse 
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Coal 28 pei teoures bed, Warden mine, Allegheny County, Pa. 
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TABLE “ ~ Yields -of 23 ES ation te ducts 
obtained at yo. r 


Coal 64 — Bakerstown bed, No. 23 mine, Pucker ear W. Va. 
_ Coal 65 — Washington No. 2 bed, Bartoy mine, Pierce County, Wash. 
Coal 66 + Miller bed, ‘Witikesondilier mine, Pierce County, Wash. 
Coal 67 ~ Taggart bed, Lynch mine, Harlan County, Kye - 
Coal 56 — Pocahontas ho bed, Buckeye No. 3 mine, Wyoming County, W. Va. 
-.Coal 57 = Pocahontas Noe 4 bed, No. 4 mine, Raleigh County, W. Va. 


Be tee in 


Co ' Coke, 
ae |percent 


6 786 
64UA Tied 
6UB 72.0 
65 130/ 
66 66.0 
67 68.6 
67A 71.8 
67B ‘| 733 
67C 71e 

675 78-6 

28 | «68.8 
56 =| - 84.0 
57 84.3 


1/ Coal 607A contains 20 percent and 67B 30 percent Pocahontas No. bed coz 
(No. 56); coal 67C contains 20 - ager and coal 67E 60 percent Pocahon' 
Wo. Uebed coal (No. 57); coal 64A contains 80 percent and coal 648 70 
percent Pittsburgh~bed coal (No. 28). 
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Preliminary to the testing of coal 68 (Oklehoma), small-scale carbon 
ization tests were made of this coal singly and.in blends with four low 
volatile Arkansas coals, These tests were made at 900° C, in a retort of 
4 pounds capacity, and the yields of coke, gas, tar and liquor were deter- 
mined. The cokes were tested in a small-scale tumbler apparatus. The re- 
sults of this survey indicated that the coke-making property of coal 68 is 
improved greatly by blending with low-volatile Arkansas coals. Two of the 
Arkansas coals (69 and 70) were selected for the blends to -be carbonized in 
the BMAGA tests, the results of which, discussed above, verified the con~ 
clusion reached from this preliminary survey. | 


An investigation of the carbonizing properties of four medium-volatile 
coals of similar chemical composition, but diffcring in type, showed that 
three bright coals (55, 60, and 64) expanded and yiclded stronger coke than 
the splint coal (58), which ccntracted. The more significant chemical and. 
petrographic data pertaining to these coals are given in table 11. The 
1-1/2—inch shatter~test indexcs were: 58, 82.6; 55, 85e7; 60, 83.9; and 
64, 88.0. The l-inch tumbler—test indexes were: 58, 6504; 55, 68.9; 60, 
6908; and 64, 72.3. Coal 58.contracted 6.2 pereent in the sole-heated 
oven, wnereas the bright coals cxpanded 9.8 to 19,0 percent. The results 
of this study indicate that the high propertion of splint and canncl types 
in coal 58 modifics its plasticity during carbonization and thereby causes 
it to contract and yield weaker coke than is obtained from the three bright 
coalse ' 


TABLE ll. ~ Chemical and petrographic composition. 
| of 4 medium-volatile coals. 


Se aaa a I aT ESE EIB LI EE STOLE 


. Petrographic analyses, 
types, percent 


j Semi-~ 
Ash | Bright] splint] Splint] Cannel 


5S | Lower f. : 
Banner 36 53 - 11 
55 | Sewell 81 15} 4 = 
60 | Lower 
Freeport 93 5 2 oo. 
64 | Baker stown 91 1 6 a 


Plasticity. — The plastic properties of all coals and blends studied in 


the survey of carbonizing properties of American coals during the year were 
determined by the Agde-Damm dilatometer and by the Davis and Gieseler 
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plastometer test method se9/ Tests were made also by one or more of these 
methods on a series of snecial coals and blendse The plastic properties ' 
of coals 56, 57, and 28 (table &) used for blending have been pudlished.0/ 


Mediumvolatile Bakerstowm coal 64 (table 8) showed a plastic tempera- 
ture range of 100° C. Tnis is abnormally long for coals of this rank and 
may be a factor in the formation of spongy coke from this coal. Blends 
644 and 64B showed plastic proverties characteristic for blends of high 
volatile A rank. Coals 65 and 66 contain 68.4 and 59e7 percent, respec= 
tively, of dry, mineralematter~free fixed carbon. They thus represent al- 
most the extreme upper and lower limits of coals of high-volatile A rank. 
their plastic properties, determined by all three methods of test, showed 
characteristics normal for coals of thesc relative ranks. High~volatile 
A Tagzart=—bed coal 67 gave plastic propertics representative of a coal of 
average high-volatile A rank, This coal was charactcrized by high fluidity, 
os determined by the Gicseler test. Blends 67A, 67B, and 67C contain enough 
of the low-volatile Pocahontas coals to increase their ranks appreciably 
above that of coal 67. This increese in rank is reflected in higher char~ 
acteristic temperature of plasticity, higher maximum resistance, and lower 
fluidity compared to those of coal 67. Blends 67D and 67E contain enough 
of the lowvolatile Pocahontas Noe 4 bed coal to make them of mediumvol- 
atile rank. These blends snowed normal plastic properties for coal blends 
cf this rank, The high-volatile B coal 68 gave only a slight fusion in 
the Davis plastometer test and a low degree of fluidity in the Gieseler 
plastometer test. Such results would be expected for a coal of this low 
bituminous rank. Blends 68A, 68B, 68C, and 68D of high~volatile B coal 6% 
and the designated amounts of low-volatile coals 69 and 70 have the dry, 
mineral—matter-free fixed-carbon content representative of high-volatile 
Acoalse However, the first three of these blends showed no fusion in the 
Davis plastometer tests. The lack of fusion might be expected because . 
constituent coals 68 and 69 showed no fusion by this test, and coal 70, 
of slightly lower rank than coal 69, immediately gave.a high maximum re~ 
sistance and a very short (about 69°C.) plastic temperature range. There 
was just enough fluid material in coal 70 to form a hard coke. The more 
sensitive Gieseler test showed that coal 70 was more fluid than coal 69. 


Three coals of high rank (fixed carbon, more than 8149) showed no 
fusion in the Davis plastometor tests, which agrees with previous exper~ 


lencee If tested at a higner rate. of heating, such coals can te made to 


Brewer, Re E., and Atkinson, R, G, Plasticity of Coals ~ Its Measure~ 
ment and Relation to Quality of Coke Produced: Inde Eng. Chem, anal. 
ede, Vole 8, 1936, poe Y4z1WI9, 

Brewer, R. Ee, and Triff, J. E., Measurement of Plastic Properties of 
Bituminous Coalse-. Comparison of Gieseler and Davis Plastometer and 
Agde-Damm Dilatometcr Methods: Ind. Eng. Cheme, anale ed., vol. ll, 
1939, Ppe 2ham2Gg : se 3 

50/ Fieldner, A. C., Davise, J. De, Reynolds, De Aw, Schmict, L. De, Brewer, 
Re. Ee, Sprunk, Ge Ce, and Holmes, C. R., Carbonizing Properties and 
Petrographic Composition of Pocahontas Noe 3Bed Coal from Buckeye 
Noe 3% Mine, Wyoming County, W. Va., and of Pocahontas No. ‘Bed Coal 
from No» 4 Mine, Raleigh County, W. Vae: Bureau of Mines Tech. Paper 

604, 1940, 65 PPe 
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fuse, The Giescler plastometer tests showed that the fluidity of these 
low-volatile coals decreased with increasing rank of the coalse 


Cie ee a ee ed 


The Taggart-bed coal increased somewhat in rank with oxidetion at 
100° C, in the accelerated weathering tests up to 15¢5 days and then de~ 
crecseds The characteristic tcmpcratures of plasticity were raised, the 
maximum resistance increased, and the fluidities decreased until after oxi~ 
dation for 15.5 days, when the samples no longer showed fusion in the Davis 
plastometer teste 


Accelerated Weathering Tests and Storing Qualities of Coking Coals. — 


Samples representative of 12 different coal beds have been oxidized rro~ 
gressively in 400-pound lots in air at 99e3°C, These coals showed a wide 
range in characteristic rate of oxidation. The characteristic rate of 
oxidation is high for coals of high original oxyzen content and for coals 
witha high content of volatile mattere2l/ However, studies of oxidation 
rates showed toat small changes in the conditions of storage affect the rato 
of oxidation of coal co greatly that the differences in characteristic 

rates of various coals become relatively less importante For example, in-~ 
creasing the temperature of coal only 24° F, triples tne rate of oxidation. 22/ 


Preoxidized samples (140 pounds) were carbonized at %00° ©,, and the 
yields and the physical properties of the resultant cok. s93/ were measured 
by standard methods, In figure 15 the strength of coke from each coal 
tested is plotted against the amount of oxysen that has been consumed by | 
the coal (moisture~ and ashefree basis)» . 


The coke-strength index is the weighted swovacettt of the 1-1/2—inch 
shatter index, the percentage of the coal charge that fused and -three 
tumbler indexes. The strength of coke from most ccals remained fairly 
constant in the early stages of oxidation and then fell rapidly with fur- 
thur oxidation of the coal, The more fluid coals snowed an anpreciable in- 
crease in strength of coke in the carly stages of oxidatisne Tne coking 
power of all coals was destroyed by prolonged oxidations 


When the average coal had consumed 1.9 pounds of oxygen per 100 pourds 
of moisture~ and ash-free coal (10 days oxidation in air at 99.3° C,) the 
coke-strength index showed a 15—percent decrease from the value for fresh 
coal, while the shatter index (1-1/2-inch) decreased only 6 percent, the 


5/ Schmidt, Le De; and Hider, J. Le, Atmospneric. Oxidation of Coal at 
Moderate Temperatures — Rates of tne Oxidation Reaction for Repre-- 
sentative Coking Coals: Ind. Eng. Chom., vole 32, 1940, ppe 249-256. 

5e/ Schmidt, L. D., Effects of Storage and Oxidation of Coal Upon Cokin 
Properties? Iron and Stcel Eng.e, vol. 18, Now 3, March 1941, ppe is, 

53/ Schmidt, L..D., Elder, Je Le, and Davis, J. Do, Atmospheric Oxidation 
of Coal at Moderate Temperatures ~ Effect of Oxidation on tae Carbon~ 
izing Properties of Representative Coking Coals’ Inde Enge Cheme, 

VOle 32, 1940, poe 543-5556 

5 Sec work cited in footnote 52. 
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tumbler hardness decreased 17 percent, and 16 percent of the carbonized 
charge remained unfused, that is, passed a l-inch screens 


The agglutinating valve proved to be a satisfactory laboratory test for 
indicating the extent of oxidation of coal, Table 12 shows the change in 
agglutinating value with extent of oxidation. Op the average, a 34u—percent 
decrease in agglutinating value corresponds to a 15~nercent decrease in 


coke—strength index. In this table, the coals are listed in the order of 
decreasing cokeestrength indexes (fresh coal). The results show that 


strong-y coking coals can be stored until the agglutinating value has de~ 
creased by a somewhat greater percentage than is the case for weakly cok-—- 


ing coalse 


TABLE le. ~ Effect of oxidation on agelutinating value 


Azzlutinating value 


When strength 


index is low- 
x2/. 0, ered 1 percent 


ke Ratiod es [ato fie Bote Ratiod 


| Volatile 
Matter, 


percentL/ 


5} 0.51 
o2] =» 56 
500 ofl 
oe 268 
ol » 80 
4.2 962 
pee 263 
°6 058 
365 62 
566 267 
1.8 067 
4.0 088 
uel. 666 


1/ Moisture~ ana mineral-mattcr—free basis. 
| ef x = oxygen consumed, Perens by werent of moisture~ and mineral—matter— 
free coal. 
3/ Ratio of value for oxidized sont to corresponding valuc for fresh coal. 


Determination of Swelling Properties of Coal During Coking Process. — 


Routine tests-were made on coals received in connection with the survey 
(BM-AGA) of carbonizing properties of American coals, but the more important 
part of the year's work on this problem was an intensive study of the ex- 
‘panding properties of "borderline coals" or blends. SBy borderline coals is 
meant those likely to exert enough pressure on ake-oven valls to damage 
them under certain operating conditions and not under otherse Coke—oven 
operating conditions were known for most of tne blends; it was also known 
whether or not trouble from cxcessive expansion pressures had been exper~ 
iencede The supply of such coals is limited, and they cre in demand for 
moking coke of high quality. Therefore, it is important to kmow their cx 
pancing properties to safeguard the oven walls; moreover, ncw combinations 
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of coals should be tried as possible substitutes for the purpose of in~ 
creasing the available supply of usable coals. Furthermore, it is easy to 
distinguish strongly expanding or strongly contracting coals, and the forser 
in general will not be charged in byproduct coke ovens without blending 
with enough contracting coal to insure against troubles 


Usually laboratory tests of expanding (or contracting) properties of. 
coal have involved heating from one side of the test chamber only, the load 
on the charge being maintained-constant at about 262 Pounds per square inchs 
It is realized that tnese carbonizing conditions do not simulate the con 
ditions in a coke oven wnere heating is from both walls ‘and-where the volune 
of-the space occupied by the charge does not change unless the pressure on 
the walls becomes high enouzh to deform theme It has not been shown experi~ 
mentally that the two methods of test can be corrclated satisfactorily; 
and the Bureau of Mines, among others, has felt that it is safest for the 
present to simulate in tests as closely as possitle the carbonization con- 
ditions of the coke oven, that is, heating from bdotn- sides at constant 
volume and measuring the pressure developed, However, the constant-pres~ 
sure tests with one-sided heating are being continucd with the hope that 
ultimately the results can be correlated with the morc expensive method 

involving two-sided heatinge | 


The sole~heated oven (fige 16) designed originally for testing a 
charge of approximately 40 pounds at constant pressure with heating fron 
one side (the sole or floor) has deen modified to permit testing at con~ 
-gtant volume. . P . as ba 


The vertical-slot oven (figes i ae 18) VAS ere oi ieatiy 
for electrical heating from one side only and at constant pressure. It 
. has been modified, however, to permit heating from both walls at constant 
volumes: .Moreover, a device has been provided for autcnatic: program cone 
trol of the temperature at both walls: this device consists of a commercial. . 
twompoint- recording potentiometer, controller provided witn replaceable 
time~tenhperature program control cvrves, as shcwn at tre top of the in-~ 
strument in figure 19. It ccntrols automatically the temperature rise at 
’ both walls of the oven, which are heated electricallye The curves were - 
calculated from data on coke-oven-wall heating programs available in the 
literature, and it is realized that they may be somewhat in error; however, 
it is true tnat there is a drop in coke-oven-wall temperatures at the time 
of charging which a constant temperature of the testeoven wall would = 
simiate. The pressure is adjusted periodically by means of the strai 
screw to keep the volume constant as indicated by readings on the di ceans 
' gage (graduations, 0,01 inch), using the cathctometer shown, The pressures 
necessary to maintain this condition are read periodically and platted 
against the carbonizing time. Thin steel retorts 27 inchcs wide by 4 
inches high and of thickness up to-13 inches are used té¢ hold the chargese 
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18.- Vertical-slot oven. 
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Figure 19.-— Automatic heating program controller. 


Digitized | Google 


PRESSURE DEVELOPED AT CONSTANT 


VOLUME, POUNDS PER SQ. IN. 


ey Ga Pee ae 
Test | Dry bulk density, Test 
N 


o. | pounds per cu.ft. conditions 
Vertical oven, heated from two sides 
Vertical oven, heated from one side 
Sole oven, heated from one side 


eaReouisine TIME. HOURS 


Figure 20.- Coking pressures, heating from one and two sides, foundry biend, coal XPm 26, vertical-siot 
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and sole-neated ovens. 


Flue temperature, | Dry bulk density, 
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a \/ 
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Figure 21.- Effect of heating rate in vertical-stot oven, foundry blend, coal XPm 26, 
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Figure 22.- Variation of peak pressures with width of vertical-siot oven, heated from both sides, 
foundry blend, coal XPm 26. 
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Table 13 gives the origin and analyses of coals and blends tested, 
table 14 their expanding properties under the several conditions of test, 
and table 15 the physical properties cof the cokese The XP blends and the 
£13 series probably should be classed as borderline coals, coal 59 une 
doubtedly is dangerous, and the rest should be looked upon as safe, except 
perhaps under extreme coking conditions. Mord expérimental work was done 
on blend XPmz6, because it was mown to give trouble when too dry in a 
17-inch commercial over operated with low flue temperatures. It must be 
realized that many borderline coals can be rendered safe in a given oven 
by proper adjustment of tHe operating conditionse 


The results of tests on coal blend XPm26 follow, It was selected be~ 
cause of the greater certainty of its being a borderline coale 


Figure 20 shows the results of constant—-volume tests with heating 
from one side in the sole-heated oven and with heating from one and both 
sides in the vertical-slot oven. ‘The thickmess of the charges for one~ 
sided heating was 5 inches and that for two-sided heating 10 inches and the 
bulk density was kept the same for all tests as nearly as possible. Also, 
the same wall~temperature programs were maintained for all tests. Heating 
from both sides under these conditions gives a peak pressure about three. 
times the maximum obtained in heating from one side only. The reason is 
the doubling of the two plastic layers near tne end of the coking period. 
After the peak is reached, the pressure drops to nearly zero so that the 
charge might exert dangerous pressures on the oven walls and yet push 
satisfactorily from the ovene The curved for one-sided heating are in 
close agreement over virtually all of the heating ‘period, but neither shows 
& pronounced peak pressures 


Figure 21 shows the effect of slow, medium, and rapid heating rates 
(heating programs) on peak pressures obtaincd, other carbonizing condi- 
tions being held constant as nearly as possible, The intermediate rate of 
heating gives slightly the highcst peak pressure, but one of the coals of 
the blend (Pittsburgh bed) is believed to have a negative tempcrature~ 
expansion coefficient, which may account for the results obtained. How~ 
ever, the variation in maximum pressure with rate of heating probably 
should be considered small, 


Figure 22 shows the effect on peak pressures developed in the vertical~ 
slot oven with charges of different thickness, other carbonizing conditions 
being held constant. The intermediate carbonization temperature program 
was used for all tests. The peak pressures decrease fairly uniformly as 
the thickness of the charge is increased from 6 to 10 inches; the pressures 
for 10- and 13-inch charges are approximately the samee . Probably the main 
reason for the high peaks found for the very thin charges is that less coke 
has been formed up to this point, and therefore the relief of the pressure 
by shrinkage of the coke 25/ is less than with the thicker charges, If. this 
is the true, explanation, one must assume that with the thicker charges the 
lastic pressure must be more nearly balanced by shrinkage of the coke, 
Auvil, He S., Davis, Je De, and McCartney, Je Te, Shrinkage of Coke: 

Bureau of Mines Rent. of Investigations 3529, 1940, 17 pp. 
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: TABLE 13. ~ Analyses of coals 


Coal 57 = Pocahontas No. 4 (W. Va.) 
Coal 56 ~ Pocahontas No. 3 (W. Va.) 
Coal XP~20 ~ 53 percent Pocahontas No. 3 (W. Va.), 27 percent Bull Creek 
| (Va), and 20 percent Eagle (W. Va. )< 
Coal 55 = Sewell (W. Va.) 
Coal 64 ~ Bakerstown (W. Va.) 
Coal 58 ~ Lower Banner (Va.) 
Coal 60 ~ Lower Freeport (Pa.) | . 
Coal 2130 ~ 40 percent Black Creek (Ala), Me) percent Blue Creek. (iia). 
10 percent Potehontas No. l (W. Vae), and 10 percent 
™ flotation fines from Black Creek coal 
Coal al3A ~ 30 percent Black Creek (Alas), 30°percent Blue Creek (Ala,), 
eo Mary Lee (Ala.), and 10 percent-Pocahontas No. ---- 
iL Ue, Vas 
Coal XP..26 ~ 50 percent Beckley (W. Vas) and 50 percent Rae barares (W. Vas) 
Coal XP~18 —~ Sewell (W. Va.) 
Coal 213B — 35 percent Black Creel Beet HO: Sorcens: Blue denek (Alae), 
and 25 percent Mary Lee (aie) 
Coal al3D ~ 30 percent Black Creek (Ala.), 30 rer Blue Creek (Ala), 
' 30 percent Mary Lee (Ala), and 10 percent flotation fines 
from Black Creek coal 
Coal al3E ~ 45 percent Black Creok Cre approximately 16 percent 
| flotation fines), 45 percont. Hany Lee (Alas), and 10 percent 
Pocahontas Noe 1 
Coal 59 ~ Upper Freeport (W. Va.) 
Coal a59 ~ Upper Freeport (W. Va.) 
Coal 53 » Pond Creek (¥. Va.) . | 


Coal 68 ~ Henryetta (Okla.) ,o 
Coal 63 = Lower Hignite (Ky.) 
| Dry, mineral-matter~ : Proximate analysis, percer 
Coal free, fixed carbon {Moisture iVolatile AE Eer | Fixed carbon Ash 
| 1.5 | To3 

Lem 665 
3.0 54 
iso 209 
a 520 
1.3 8.0 
les . 6.3 
1.4 5.0 
Lee. 59 
1.5., 6.0 
1,6... 508 
220. - 5el 
309. 6. 
206 8.4 
a4 . 6e2 
Grd: 4,3 
ae be 
Col . Ye 
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TABLE 14. — Pre es develo in vertic lot oven at: stant vol 
Effect of retort thickness and heati rate. 0 ison with 
expansion in sole-~heated oven at con stan t PIessures 


Sole-heated oven: 
. Expansion. (or 
Vertical oven _ contraction 


At bulk 


of At 5525 
| vertical] lba per 
test cue fte 


Equivalent 
' flue ‘temp., 
OF, 


1700-1900 4.6 3.8 4.21 +6; 
2000~2200 |. 1. 2-0 . 
do le 2.3 | ~9.1b/ -5.3u/ 
ado le 305 
1700-1900 le 200 —6.9h/ ~1.01/ 
do ee 4ue3 | 600 +122 
do 2. 4.2 «9.2 — 26 
do 2. 4 5e/ : 
do - 3. of 
1700-1900 5e 226 
2000-2200 4. 2.9 5.64f | +2.12/ 
2300-2500 u, 1.6 
do 5. 203 
2000—2200 5 e 4.7 
do 4. 4.0 
do ue 307 
do uy 209 
do - 4. 209 
| 2000~22002/ | 6.0 1 
2000-22005, 3.3: 2.2 : 10. 32/ 0.0! 
4 40/ 


1700-1900 | 2.4 | 
do Uezli (140.2 1420.3 


oJ 13.0 “305 


a LY, 6 , 562 


These results are theoretically adjusted for varying moisture contents 
sole— and yee yacee oven charges 
Retort expanded 1.5 percent under this limited applied pressure. 


/ 
a 
Y Heated from 1 side only. 

These tests did not show a peak pressure. 


2000-2200 6.8 


2300-2500 Col 


Temperatures were somewhat lower than the standard 2,000°2, 200° F. curve. 
Retort expanded 4.6 percent under this limited applied pressure. 
Retort expanded 0.5 percent under thig limited applied pressure. 
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It would appear that, since expansion is caused by pressures develop~ 
ing in the plastic layers, some plastic property could.be determined that 
would correlate closely with expansion, For examle, it secms reasonable 
to assume that expansion should be propor tional to tne viscesity of the 
plastic mass or inverscly proportional to ‘the fluiditye Several schemes 
were tested, but perhaps the plot of the area undcr the Gieseler plastom. 
eter curve azainst expansicn shows cs good correlation as any other. . The 
results are shown plotted on semilog paper in figure 23. The correlation 
is close enough to show that tnere is a relationship between expansicn and 
fluidity, coal 63 being the farthest out of lines ‘However, this conl is 
abnormal; from experience with coals in this range of rank ani petrographic 
composition one would expect corsiderably higher fluidity, which would 
place the point close to the curve. It should be added that expansicn in 
the sole~heated oven at constant pressure waz taken as :the-abscissa in this 
plot, so that the numerical variaticn in expansion should be a maximum; 
furthermore, experience with this method of testing was greater than ‘that 
for the otherse | a 


‘Figure 24 gives results for expansion determined in the sole-heated 
oven plotted against peak pressures obtained in tne vertical-slot oven, 
Here, again, expansion at constant pressure in the sole-heated oven was 
chosen as one of the coordinates for the same ‘reasons as given in the 
preceding section, The correlation is not bad, ccasidering is the heat~ 
ing programs for all the points were not the same in both ovens. These - 
results are interpreted to indicate thet, when known aa cavepancios are 
ironed out and when more comparative data are availablg, there is prospcct 
of substituting the simpler method of testinge 


Small-Scale Low-Temperature Carbonization Assayce — interesting rela 


tionships have been developed between the chemical cormosition of splint 
and of bright coal and their yields of primary carbonization products obe: 


tained by a small-scale (Fischer) low-temperature carbonization ASSAY, 
all yields being upon the dry, mineral-moatter-free basl se 
Hor both splint and bright coals of bituminous yanks 
Coke, percentage yield = (0,836 x fixed carbon, percent) + 23.4. 
For bright coals; 


“Tar and oil, percentage yield = (9.805 x volatile matter, percent) 
- (1.05 x oxygen, percent) ~ Te7e ; 


For splint coals: 


Par + oil, percentage yield = (0.781 x volatile matter, percent) 
~ (1.02 x oxygen, percent) ~ 6.2. : | 
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Figure 23.- Relation between area under Gieseler plastometer curve and 
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expansion 


in sole-heated oven. 


Figure 24.- Relation between results from 


sole—heated oven at constant pressure 
and those from vertical-stot oven at 


constant volume. 
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Similar relationships have been worked out for tne yiclds of water, 
carbon dioxide, and carbon monoxides2 cs 


Production of Ligauid Fuels from Coal 
. by Hydrogenation 


The first of a scries of publications describing the results obtained 
in this investigation has anpeared. The investigation was undertaken in 
preparation for the time when gradual exhaustion of petroleum resources 
will require supplementing the suoply of motor fuel with eo asoline from 
coal to meet growing re. mop oncatae 5 PE “Ges a 

A small continuous ait capable of bya nesenating 100 pounds of coal 
in 24 hours was constructed and an assay procedure- “developed for deter- 
nining the ease of hyérogenation of. American coalse : 


Bydrogenation Assay. of United States Coals in Continucusly operated 
Experimental Plant —_ . y eden 


The eer plant, assay procedure, and hycrogenation of nine 
coals of various ranks from high-volatile A bituminous to mt rete have been 
described in detail.o!/ | 7 


During the Aaa year, four additional high-volatile bituminous coals 
were hydrogenated in the expcrimental plant to determine the oil yicld 
and tne operating difficulties. The coals assayed were high-volatile A 
coals from the Upper Frecport.(We Vae) and the Black’Creck (Ala.) beds; 
high-valatile B.from the Lower Prone (atah) beds ond high-volatile C 
from the Indiana Nos. y beds | 


The assay procedure peere of pumping a mixture of about eaual parts 
of powdered coal and a a heavy oil along with hydrogen. under 200 to 300 ate 
mospheres pressure into a'vertical alloy-steel tube, a. inches iede and & 
feet “in length, heated to 4309=60° ¢. (806°-360° Fe)s The contact time 
and temperature are varied until a maximum yield of oil, carried out of 
the converter. by the stream cf hydrogen, is obtained. <A heavy oil in which 
the ash of the coal, the unreacted coal, and the catalyst particles are 
suspended is discharged through a standpipe about 6 feet above the bottom 
ef the converter. This heavy~gil slurry is’ centrifuged, and the resulting 
oil is mixed with another. charge .of coal and catalyste. Thus the ass 
Sprunk, G. C., Ode, W..He, Selviz, We A., and O'Donnell, H. J., Splint 

Coals of the Appalachian Regicn; Their Occurrence, Petrography, and 
Comparison of. Chemical and Physical Propertics with Associated Bright 
Coals: Bureav. of Mines Tech. Paper 615, 1940, 59 pre 
57/ Storch, EH. H., Hirst, Le Le, Fisher, C. He, and Sprurk, Ge Ce, Hydro- 
genation and Liquefaction of Coal. Part 1. Review of Literature, De~ 


scription of Exocrimental’ Plant and Liauid Phase Assays of Some Typ- 
ical Bituminous, Subbituminous and Lignitic Goats Bureau of Mines 


Tech. Paper 622, 1941, 110 ‘pp. 
Hirst, Le. Le,. Storch... Be H., fisher, C. Hes and Sprunk, cm Ce, Hydro~ 


gonation and. ag Subbituminous Coals and Lignites: Ind. 
Eng. Chem., vole 325 194 PPe ple 
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consists essentially of determineticn of the optimum conditions for the 
maximum oil yield consistent with complete regeneration of the tar-oil 
vehicle used in making e naste with the original coale The assay product 
Consists of about 20 percent of o11 boiling in the. gasoline range (to 

2059 GC.) and 70 percent boiling from 205%§330° C, This 011 contains 12 to 
20 percent tar acids, and 2 to 4 percent tar bases, The remainder or 
neutral oil is 40 to 70 percent aromatic, and contains 20 to 40 percent 
saturates and 10 percent olefins, The saturates are 5C to 90 percent | 
naphthenic, and the olefins are cyclice : 


Table 16 summarizes the yield of o11 and residue for all of the coals 
thus far hydrogenated in the experimental plant. Column 4 shows that, with 
two exceptions, there is a steady decrease in the oil yield based upon the 
moisture» and ashefree coal with decreasing coal rank, The coal of highest 
renk gave a lower yield than might be predicted, and the Monarch s.“bitu- 
minous coal ylelded an apvreciably greater amount of oil than was expected 
from a coal of this rank, The yield based upon the dry coal is somewhat 
erratic, oving to varying amounts of ash, and that based upon the coal as 
mined also shows eccentricities due to the ash content, as well as the in~ 
fluence of the moisture content that results in a more rapid drop with dew 
Creasing rank, The petrozraphically estimated amounts of organic residue 
given in column 7 agree reasonably well with those of column 8, which were 
obtained in the experimental plant, — 


| Table 17 shows the amounts of tar acids, tar bases, neutral aromatic 
oils, and gas obtained in the coalehydrozenation assays, as well as the 
amounts of hydrogen consumede The oxygen and nitrogen contents of the 
coals may be correlated to a limited extent with the yield of tar acids 
and tar bases, respectively. There is no aprarent exnlanation for the 
outstanding nign yield of tar acids from Pittsburgiebed coal, The low 
tareacid yield for the Upner Freeport and the Blaciz Creek coals is probably 
due to the higher onerating temperatures used in nydrogenating these coals, 
These temperatures were in the range 455°.U600 ¢, whereas 4300-U40° C, was 
employed for most of the othcr coals, The tar acids boiling to 235° 6, are 
approximately one-half of the total phenolic compounds and consist of about 
50 percent xylenols, 30 percent cresols, and 20 percent phenol. Perhaps 
the most significant data of table 17 to be correlated with rank are those 
of column 9 for the total aromatic neutral oil, With two outstanding ex. 
ceptions (Pittsburgh and Illinois Noe 6 beds), there is a steady decrease 
in aromaticmoil yield with decreasing ranke éolumn 3 of table 17 shows that 
there is little, if any, trend with coal ran in the amount of hydrogen used 
per unit weight of moisture~ and ash-free coal, The assays run at 4,500 lb. 
per sqe ing hydrogen pressure consumed more hydrogen than those conducted at 
3,200 lbe This increased consumption was more marized for the higher~rank 
coalse The hydrogen used per ton of 011 produced (column 3, table 17, di- 
vided by colum 4, table 16) ranges from about 0.12 ton for bituminous coals 
to 0.15 ton for lignitess; with the highest values of about 0.17 ton for the 
_ two bituminous coals hydrogenated at 4,500 lbe per sde ing The increase 
from 0.12 to 0.15 ton of hydrogen ver ton of o11 is much smaller than might 
have been predicted from the oxygen contents (colwm 2,. table 17) of the 
coalse This result apparently is due to removal of most of the oxygen as 
carbon dioxide rather than as water for oxygen contents greater than about 
10 percent. 58 | ss 
Fisher, Ce e97 Eisner, Ae,» Clarke, Le, Fein, Me Ley and Storch, He Hey. 
Kinetics of Eydrogen Consumption, Oxygén Removal, -and Liquefaction in 
Coal Hydrogenation, Effect of Rank IJ: Fucl in Sci, and Practice, 
Vole 20, 1941, pre 13, a : - 
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The estimated yield of gasoline from eaca of the coals thus far assayed 
in the.experimental plant is snown in figure 25. This figure also shows the 
important bituminous, subbituminous, and lignitic coal beds of the United 
Statese 


The methods of chemical analysis used in characterizing the coal 
tar hydrogenation products have been described in recent publications, 


Batch Hydrogenation in Small Antoclaves; Prediction of Gasoline Yields from 
Petrographic and Chemical Analyses es 


Table 18 presents estimated gasoline yields for a number of coals. 
These estimates are based upon correlation of the results of tests in the 
experimental plant and smell autoclave tests with petrographic and chemical 
analysese The experimental data in column 10 of this table were obtained 
by the hydrogenation of small samples (100 grams) in le2-liter autoclaves. 
Estimates were made from the moisture, ash, oxygen, and opaque matter 
(petrographic analysis) content of the coal, of the probable yield of 
residue, water, and carbon dioxide woon hydrogenation. I%t was further 
assumed that all of the coals would yield 20 percent of their moisture= 
and ash-free substance as hydérocarbon gases upon hydrogenation. The yield 
of liquid-phase oil this predicted is reasonably close to that actually 
obtained in the experimental plant (compare column 12 with 13, table 18). 
The gasoline estimates are sade by assuming ea weight percent yield of 70 
for the conversion of the liquid-phase oil to gasoline, of which .1 ton 
will contain about 290 gallonse The gasoline yield tends to decrease 
with decreasing rank, However, there seems to be a maximum yield for coals 
containing 6 to & percent oxygene Two Utah coals, that is, No. 16.(table 
18), Lower Sunnyside Bed and No. 21 (table 18), Hiawatha Bed, both from 
Carbon County, are outstanding in that the gasoline yield is higher than 
that for other coals of about the same rank, It is of interest that de~ 
hydrated-peat yields about the same amount of gasoline as the Dakota lig- 
nitese 


ee 


59/ See footnote 58, page 50. | 

Eisner, As, Fein, Me Le, and Fisher, C. H., Neutral Oils from Coal 
Hydrogenation, Action of Sulfuric Acid: Ind. Enge Chem, vol. 32, 
1940, Ppe 1614-16216 . 
Storch, He H., Hirst, Le Le, Fisher, C. H., Work, He Ke, and Wamer, 
Feo W., Hydrogenation of High-Temperature Tar from Byproduct Coke~ 
Ovens$ Ind. Enge Cheme, vole 33, 1941, ppe 264-274, 

Fisher, C. He, and Eisner, A., Tellurium Commounds as Friedel-Crafts 
Catalysts, The Oxidation of Organic Compounds with Tellurium Dioxide: 
Jours Organic Chem., vole 6, 1941, pp. 169-174. 
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TABLE 18. — Predicted yields from petrography and smail autoclave tests 
1 | 2 y 9 10 sal i ae 14 


weight Yield, gallons per ton 


Analyses, weight percent percent of moisture— of coal as mined 
Origin and rank of coal free coal Liquid-phase oil | Gasoline 
Coal bed; j County; Opaque Pre- ental aig Pre- 5 Expt'l| predict— 
mine State attritus;| Fusain|dicted| clave 'Plant dicted='| plant ed2 

Upper Banner Dickenson 

1 Clinchfield No. 9 Virginia Babel ele) Vel 4.3 BHt 2 WHS Ve =a 178 = 136 
Mary Lee Jefferson 

2 Sayreton Alabana do. 5.0 x Oe PGG2 tes 20.0 165 135 105 
Elkhorn No. 1 Floyd | 

3  Garret&/ Kentucky do. 5.5 hg 0 PUP O50) | es 154 “i 117 
Upper Freeport Monongalia 

4% Ind. Coll. No. 1 West Virginia do. 3.2 8.0 5.7 | 6 i cp ar ae es 13.4 182 164 126 
—— Webster | ; | 

5 Paulcilie/ West Virginia do. ae) So TH 6.0 185) 0) Secleeiee | = 146 ~ He? 
Alma Boone \ 

6 Spruce River No. 4; Wost Virginia do. Pea ieee 6.3 14 5 ise |= = 178 ~ 136 
Pittsburgh Allegheny 

“ Bruceton Pennsylvania do. 1.6 | 5.6 6.8 12 3 L365 f= OL7 ug 170 130 
Chilton Logan 

8 Boone No. 2 West Virginia do. ee 7) GS 74 | 10 3 lates ees = 178 = 136 
Black Creek Walker | 

9 Empire Alabama do. 2.7 2.8 7.5 7 5 HO. 7 jim 8.9 181 175 134 
Raton Colfax 

10 Dawson No. 6 New Mexico Bit. HoVeB pee 12.1 Teo 10 2 Dee ie = 161 2 123 
No. 2 Gas Bed Kanawtia 

11 Point Lick No. 4 West Virginia | Bit. H.V.A 1.9 Zoi (od ie 3 10.6 | = ~_ 181 - 138 
.High Splint Harlan 

12 i aa Kentucky do. 3.3 367 &.2 26 2 LG6s2) be es 164 és 126 

Mahoning 

13 Canfield : Ohio do. Be 12S 8.4 18 0 pees | 236 | 147 = 113 
Kemmerer No. 5 Lincoln a 

14 Gomer No. 5 Wyoming Bit. H.V.B | 2.5 3.9 9.2 a4 2 15.6-).= = 164 = 126 

A 
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llinois No. 
15 Minok 
Lower Sunnyside 
16 Columbia 
Indiana No. 4 
17 Saxton No. 1 
Illinois No. 6 
18 Orient No. 2 
Upver Shaw 
Eska 
Green River 
20 Green River 
Hiawatha 
21 King No. 1 
Rock Springs No. 3 
22 Gun Quealy 
No. 8 
23 Jonesville 
Spring Canyon No. 1 
24 No. 2 West 
Sand Coulee 
25 Giffen No. 1 
Rock Springs No. 15 
26 D.0. Clark 
27 Taylor 
McKay 
Strain-Upper 
2% Diamond 
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Orizin and rank of coal 


2 


County; 
State 

Woodford 
Illinois 
Carbon 
Utah 
Vigo 
Indiana 
Franklin 
Illinois 
Lower Mantenusz 
Alaska 
Muhlenberg 
Kentucky 
Carbon 

Utah 
Sweetwater 
Wyoming 
Alaska 

Carbon 

Utah 

Cascade 
Montana 
Swectwater 
Wyoming 

King 
Washington 
King 


Washington 


| 
| 
| 
| 
| 
j 


| 


Bit. H.V.C | 
Bit. HVs8 | 
Bit. ne 
| do 

do. 
do. 

Bit. vad 
Bit. H.V.C | 
do. 
Bit. H.¥.B) 
do. 
Bit. H.V.C 
Bit. H.V.B 
Bits o. VoC 


i] 


12.6.- 


4.0 


9.6 


As received 
Moisture 


Ash 


TABLE 13. — Predicted yields from petrography and small autoclave tests (Cont'd. ) 


Mois ture—and 
ash-free _ 
Oxygen 


& 


Moisture—free 


Onaaue 
attritus 


a7 


10 


3) 1 evo Ara 


Le LF Sa if 


Residuel/ weight 
percent of moisture— 
free coal 


Pre- jAuto+ Bxpt'l 
Fusain| dicted |clave| plant 
a | LORE 
4 15.4 | = ba 
Se es & 1ipio 
1 | ee 
4 | 13.7 | a |e 
i Gol HST |= 
a Pen me Se 
0 pbel. ee ee 
i 11.2 | 11.6) - 
D 45.3 | 41.0)- 
2 SrOr| a= Ves 
0 1Se4e | 2265) = 
0 45 Ds0| Dee 


Yield, gallons per ton 
of coal as mined 
Liquid-phase oil /{Gasolino 


Pre- >| Expt'l1| predict— 
dicted—’| plant ea3/ 


166 = eye 
170 178 136 
uy 146 ii 
160 {159 122 
168 ~ 129 
UL. |= 116 
176 |= 135 
es, es 132 
app |= 119 
166 j- 127 
86 |= 66 
156 |= 120 
sign |i 106 
166 1156 120 
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TABLE 18. — Predicted yields from potrography and small autoclave tests (Cont'd. ) 


il 2 3 oy oe  « g 9 10 Te Le x 1 
a Residuel/ weight Yield, gallons per ton 
Analyses, weight percent percent of moisture— of coal as mined 
Origin and rank of coal : . |(Moisture-and Moisture free free coal Liquid-ephase oil {Gasoline 
Coal bed; i County; As received ash—free Opaque | Pre— | Auto— |Expt!'1 Pre— _,j Expt'1| predict— 
mine State Rank. |Moisture Ash |. Oxygen Jjattritus | Fusain| dicted| clave adicteda/ plant i 
Roundup Musselshell ra . 
29 Prescott Montana Subba te iy| 10.5 We loGw, 12.5 | 15 3 16.4 220.2 ee 129 = 99 
Rock Springs No. 9 Sweetwater | . i, 
30 D.O. Clark Wyoming doer, Gc hegli.® Eas 12.5 | 6 2 \2 6.0 fe Yes 162 - 124 
ei Seaes | 
Kemmerer No. 1 Lincoln | ; 
Bl Beis Boo & Wyoming Bag Tew 6.2 bene | W258 g 2 11.0) - - BUS - 120 
Gallup American McKinley T £ 
32 Coal Co. No. 5 New Mexico | Subbit. A IL.9 $3 12.9 | 14 iL LS ft = = E55 - 103 
Rock Springs No. 7 |Sweetwater : y 
SS, Ome Ot errks Wyoming do. 11.9 Zo % eset t 2 (bt = - 55 “ 119 
No. 3-1/2 McKinley : ; 
34. Navajo No. 5 New Mexico do. 15.0 5.9 135.44 | 11 2 Ce - 135 - 103 
Mammoth Musselshell | | | 
5 Gantor Montana | do. 13.4 5.2 13.8 5 2 LOG | ioe S 143 = 110 
Rock Springs No. 1 Sweetwater | | } : 
36 Union Pac. "D" Wyoming do. 13.9 2.6 13.8 7 2 Gael = as 148 - 113 
os Sevier 
37 Prospect Utah | doe | 70 | U6 14.0 y @ Gee hea 159 = 122 
No. 3 Carbon | r ; 
3% Smith Montana do. | 1630 9.6 ~ . ahs 2 Bu 12.5 | 13.6] = 139 - 114 
Rock Springs No. 7-J/e2|Sweetwater | ; 
39 Winton Wyoming doe 15.6 Dail 15.8 7 2 Pah a 2 142 = 109 
No. 9 King 
4o  Grend Ridge | Washington | Subbit. B 13 5t Baek 15.4 i, 0 Gs AMO ef ies 120 “ 92 
Weber Summit | - ; 
41 Wasatch Utah Subbit. A L2.2 <> Sab 15.5 ey, Fs 8.6] 14.9] - 136 = 104 
Rock Springs No. 1 |Sweetwater 2 
42 Winton Wyoming Subbit. B 16.5 ay) 15-5 6 2 6.44 — = 142 S 109 
ieee Ske ee 7-6 D6oi ee ss 3. | 17-3 L925 F T668, 102 106 81 
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3/ Cannel coal. 
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Does not include catalyst. 


a es ween 2 percent (ae verosand ace coal) hydrogen consumption, complete oxygen removal (as water for oxygen contents up to 
percent end beyond_i0 percen alf as water and half as carbon dioxide); gas loss ) per 2 3 1 e aayels ; 
10 as ane ey ng. ee : ); gas loss, 20 percent, average of autoclave and predicted residues, 


Prediction based upon assumption of 70 p 


tone 


= By 


ercent by weight of liquid—phase oil converted to gasoline, and 290 gallons per ton of gaoline. 


ZABLE 1S. — Predicted yields from petro aphy and small autoclave tests CComet Md...) 
A 6 & 9g LO) | ae i 12 
= Residuel/ weight Yieid, gallons per ton 
Analysos, weight percent percent of moisture— of coal as mined ce 
Origin and_rank of coal |Moisture—and| Moisture—free | free cos | Liquid phase oil | Gasoline 
Bet ed County; As received | ash-free Opaque | Pre- ’ jAuto—| Gxpit?l Pre~ ef Expt? ey aii 
mine Moisture; Ash Oxygen |attritus | Fusain|dicted (ee) dicteds/ | plant ed? 
uy Puritan Colorado ubbit. B e4ued We 16.4 | 10 | y 13.4 12.9] Tio 91 
é-Smi th Campbell 
U5 taivotisk ieattas Subbit. © 29.4 6.1 16.8 | 7 | 1 Reeth |) Ts6 Ih = 79 
Monarch Sheridan ! 
4G Monarch No. 45 | Wyoming Subbit. B C362 309 16.9 | y | L Tel jee! Gee 100 
Eudson Fremont 
47 Hudson No. 2 Wyoming do. 23.0 ee 270 g 
Carney Sheridan 
4g some Wyoning abbite A 2343 Wey 17.4 15 
Beaver Hill Coos 
4g Thomas Oregon ubbit. B get. | 3a5 18.0 2 
flba Wood | 
5Q mene Texas ignite Bee 7 To 19.2 20 : 
Knife River Co. | Mercer 
51 Beulah, N.D. North Dakot do. 34.9 8.0 19.4 | 14 | 
No. 1 Lewis 
52 Relience YWashington do. 23.9 8.6 20.6 3 
Truax-Trauer Co.| Ward 
53 Velva, N.D. North Dakot do. 39.5 | 4.5 Zine 4 9 
Aubura, Wash King 
54 Youngblood Washington \Brown coal 52.6 Dac 29.9 Gg 
Hawk Island Manitowoc 
55 Swamp Wisconsin tale 4 
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Fates and Mechanisms of Coal-Hydrogenation Reactions; Eifect of Catalyst 


A series of experiments with one coal in the presence and absence 
of catalyst has been corpletecd. This work was done in lec-liter auto- 
claves, using 1 percent stannous sulfide as catalyst, and in a glass liner 
when no catalyst was desired. Two temperatures ~ 585° and 400° ¢, ~ were 
employede Curves of the amount of hydrogen used and of oxygen eliminated 
plotted against time (up to 15 hours) were obtained for both temperatures 
at constant pressure (1,000 pounds initial, "cold", pressure of hydrogen). 
The results show that whereas the presence of the catalyst markedly in~ 
creases the rate of hydrogen consumption, the rate of oxygen elimination 
at 400° ¢, was virtually the same in the presence or absence of a catalyst. 
At 385° C., however, the rate of elimination of oxygen was, appreciably 
greater in the presence of a catalyst. These results are being studied in 
preparation for their publication and for further research, Their apparent 
meaning is that the oxygen—elimination reactions are largely noncatalytic 
and probably consist in the transfer of hydrogen from simple hydroaromatic 
compounds to the dissociated coal substance, Tne chief function of the 
catalyst would therefore be to increase the rate of regeneration of the 
active hydroaromatic compoundse 


Hydrogenation of Eigh—Tempcrature, Byproduct Coke-Oven Tar 


Several long runs were made in the experimental plant on the destruc~ 
tive hydrogenation of cokc~oven tar and fractions thereof, such as heavy 
tar distillate, and of pitch oil obtained by carbonization of coal—tar 
pitch, All of the work was done in liquid phase, the objective being to | 
determine the efficiency of conversion of these materials to an oil boil- 
ing in the range 200°.355° G, which would be useful as a wood preservative. 
These experiments were made in cooperation with the Koppers Co. of Pitts 
burgh, Pae 


Conversion of Cozl-Hydrogonation Middle Oils into Gasoline by Vapor—Phase 
Hydrogenation 


Tae vapor-phase hydrogenation of middle oils from the liquid-phase 
hydrogenation of two high—volatile A bituminous coals showed that for the 
oil from the higher-rank coal (86.1 percent carbon on moisture~ and ashe 
free basis) the yicld of gascous hydrocarbons was approximately equal to 
the yicld of gasolinc, whereas for the oil from the coal of somewhat lower 
rank (34e2 percent carbon) the yield of gas was much smaller, namely about 
60 percent of the yield of gasoline. When an alumina-molybdic acid catalyst 
is used, the gasoline obtained from Pittsburgh-bed (Bruceton mine) coal 
was of 73.5 octane number (C.F.R. Motor Metnod) and addition of 3 cc. 
tetraethyl lead per gallon resulted in an octane number of 31.9. 


Mechanism of Combustion and Explosion 


of Gaseous Fuels 


As part of a program concerning the rates and mechanisms of the com- 
bustion of gaseous fueis, a study has been made of the fundamentals of 
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the hydrogen-oxygen reaction, Following the eee bee data on this reac— 
tion by Kassel ani Storch and by von Elbe and Lewis, a series of exeri- 
ments.was done on the nature of the third explosion Limiteol) The results 
obtained are partly explained by the mechanism postulated by von Elbe and 
Lewise The explosion is preceded by an induction period, which decreases 

to cere as the pressure is increased. Sucn third-limit explosion pressures 
of zero induction period ere representative of tne isothermal branched-chain 
explosion, whereas lower-third-~limit explosion pressures with induction 
periods are characterized by both isotncrmal branched chains and by thermal 
disturbancese . e 


Water has a. powerful effect in depressing the second limit end increas 
ing the third limit, the effect being due to a decrease in chain branching,22/ 


Coating the walls of the reaction vesscl with various salts resulted. 
in large changes in rate because of variations in the efficiency of chain 
breaking at the wall. Below 530° C. the reaction is mainly heterogeneouse 


Stationary Flames 


A study of the mechanics of the stationary flame (3urnsen type) is be~ 
ins made. In particular, information is desired concerning the cross~ 
sectional distribution of velocity and direction of flow of the gases 
emerzing from the crifice and entering and leaving the flame cone. An 
apparatus for this purrose has been built. <A long,nerrow beam of light 
is passed through the midsection of the flame in the longitudinal direc- 
tione The stream of combustible gas picks up a few narticles of finely 
powdered aluminum on passing througn a specially constructed device. 
Light is rerlected from the particles in the beam into a camera, which is 
placed to receive at rizht angles to the beam. This light is interrupted 
by slots in a wheel 20 inches in diameter, rotating at lmown specd. Thus 
toaere is obtained in the film a series of interrupted vertical lines over 


Go/ Kassel, L. S., and Storch, H. H., Chemical Kinetics of the Reaction of 
Oxygen with Hydrogen and with Deuterium: Joure Ame Cheme Soce, vole 5/7, 
1935, ppe 672-678. , 

Elbe, G. von, and Lewis, Bernard, The Reaction between Hydrogen and 
Oxygen above the Upper Explosion Limit: Joure Am. Chemie Soce, vol. 59, 
1937, pre 656-662. 

61/ Heiple, H. Re, The Thermal Reection Between Hydrogen and Oxygen; 
Kinetics of the Third Exnlosion Limit. Inhibition of tne Explosive 
Reaction by Metallic Silver. Ph. D. Thesis, University of Pitts 
burgh, Pittsburgh, Pa. 19441: Results of Burenu of Mines — School of 
Enginecring, University of Pittsburgh fellowships 

Heinle, He R., and Lewis, Bernard, The Reaction Between Hydrogen and 
Oxygen; the Third Explosion Limit: Joure Cheme Physe (in press). 

62/ Elbe, Guenther von, and Lewis, Bernard, The Reaction Between Hydrogen 
end Oxygen; the Upper Exnlosion Limit and tne Reaction in Its Vicinity: 
Joure Chem. Physe, vole 3, 1941, poe 194-195. 

Hceiple, H. R., and Lewis, Be, The Reaction between Eydrozen and Oxygen 
in the Presence of Silver; the Third Explosion Limit; Jovr. Chem. 

_Phys., vole 9, 1941, ppe 120-121. 
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the cross section cf the Stream, the length of whica is a measure of the 
specd of the particle and therefore of the gas stream at that point, as the 


particle has little ener iaae 


pie idntnasy chotocssune of a gas aeeean issuing from the orifice with 
streamline flow show a parabolic distribution of velocity across the streaz, 
as is found in fluids traveling in pipese As the stream travels upward, 
momentum transferred from the faster-moving central layers and friction at 
the stationary boundary flatten the velocity distribution. The layers 


' near the boundary seem first to receive energy from the central layers, 


' increasing their velocities only to decrease again owing to friction at. 


? 


the boundary. 


It is well-known that the gas stream, on emerging from the conical 
flame front, suffers a change in direotion or refraction, The question 
as to where this refractio occurs, that is, as the gas is passing 
through the flame front or before or after passage, can be determined by 
photographing particles in the stream of a Bunsen flamee Preliminary 
‘photographs show that the change in direction of the stream occurs yeauee 
before it enters the flame front. 


‘Lewis, Bernard, and Elbe, Guenther von, Flame Tomperature: Joure 
Appl. Physe, vole 11, 1940, poe 693-706, 
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